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LAR CHLOROPHYCEAE AND DIATOMS 
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Introduction 

In attempts to isolate and culture 
some of the more abundant algae occur- 
ring in the waters of the Bear River Mi- 
gratory Bird Refuge in Utah, difficulty 
in growing certain ones was encountered. 
The presence of copper in the distilled 
water was at first suspected as the cause 
of failure, but media prepared from glass- 
distilled water gave no better results. 
Because glassware for all cultural studies 
was cleaned in dichromate cleaning solu- 
tion, and because chromium in minute 
concentration is known to be toxic to 
many microdrganisms, inhibition by 
this metal was suspected. Since little is 
known specifically concerning the effect 
of chromium on algal growth, a series of 
experiments was performed, designed to 
determine the sensitivity of some repre- 
sentative algae to this heavy metal. 

The necessity of using chemically 
clean glassware for culturing algae has 
long been emphasized by phycologists 
(1, 3, 9). The most common laboratory 
method for obtaining clean glassware 
employs an acid-dichromate cleaner. Re- 
cent studies, however, have indicated 
that it is difficult to wash completely from 
glass surfaces both H and Cr,O, ions; 
consequently, that cleaning procedure is 
open to criticism in microbiological in- 
vestigations. LAuG (7) found that ten 
rinsings did not suffice completely to re- 
move Cr,0, from glass, since apparently 
dichromate-free surfaces, if allowed con- 

‘Formerly bacteriologist, Bear River Research 
Station, Fish and Wildlife Service, Brigham, Utah. 


tact with water for several hours, yielded 
detectable Cr,O, in solution. RICHARDS 
(10) studied the effects of traces of Cr.0O, 
on yeast and several algal species and 
found that as little as 0.1-1.0 p.p.m. was 
toxic. HENRY and SmitH (5) have recent- 
ly confirmed the findings of Lauc and 
RICHARDS, showing that after the tenth 
rinsing a dichromate-cleaned pipette 
yielded between 0.1 and 0.2 p.p.m. of 
Cr.O,. 

The presence of toxic substances in 
trace amounts may assume the greatest 
significance in dilute synthetic media, 
such as those commonly used for cultur- 
ing algae, inasmuch as such substrates 
lack the protective effect afforded by 
proteins or other large organic molecules 
generally composing bacterial or fungal 
media. Thus, HENRY and SmitH (5) 
found that 1 p.p.m. of Cr,O, in a syn- 
thetic medium was very toxic to Staphy- 
lococcus aureus but that approximately 
ten times as much was required to pro- 
duce equivalent growth inhibition in 
beef extract-peptone broth. 

While chromium is toxic to many 
microérganisms, it stimulates the me- 
tabolism of others. Although BRENCHLEY 
(2), in her recent review, did not include 
Cr as an element essential to plant nu- 
trition, Pratr and DuFRENoy (8) re- 
ported stimulation by Cr of penicillin 
production by Penicillium chrysogenum. 
One hundred p.p.m. of Cr as Cr,O, stim- 
ulated maximum yield, while 200 p.p.m. 
permitted good growth. Virtually no 
antibiotic was produced in the absence of 
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Cr. Stimulating or inhibiting effects of 
Cr appear to be exerted through its ac- 
tion on enzyme systems. HORECKER ef al. 
(6) found that both aluminum and chro- 
mium stimulated the succinic dehydro- 
genase-cytochrome system, the latter be- 
ing most active. HENRY and SmirTH (5), 
on the contrary, found that urease ac- 
tivity was almost completely inhibited 
by 1-10 p.p.m. of Cr,0,. 


Material and methods 


Three groups of unicellular algae, 
namely, the Chlorococcales, Euglena- 
ceae, and Diatomaceae, represented by 
the following species and unidentified 
forms: Chlorella variegatus, Chlorococcum 
humicola, Scenedesmus obliquus; Lepo- 
cinclis steinit, green flagellate no. 46; and 
two diatoms, no. 26 and no. 47 belonging 
to the order Pennales, were selected for 
study. All are uni-algal cultures contain- 
ing one or more types of bacterial con- 
taminants, except no. 47, which is a pure 
culture. Isolation of all organisms was 
made by means of an agar-plating pro- 
cedure. 

Two liquid media, H-2 and H-2 modi- 
fied, supplied the basal nutrients. Pre- 
vious study had shown these media to 
be very satisfactory for culturing many 
algal organisms; forty-three uni-algal 
cultures, including greens, blue-greens, 
and diatoms, had been successfully 
grown on them. Medium H-2 is a dilute, 
synthetic, entirely inorganic solution and 
is derived in part from formulas sug- 
gested by Cuu (3, 4). Medium H-2 modi- 
fied is nonsynthetic, containing soil ex- 
tract. The formula for H-2 synthetic 
medium is as shown in the next column. 
Medium H-2 modified is prepared by 
mixing 600 ml. of H-2 with 400 ml. of 
soil extract made from river water. 

A series of ten solutions containing 
the following concentrations of chromi- 


[SEPTEMBER 


um as Cr,0,: 32, 16, 6.4, 3.2, 1.6, 0.32, 
0.032, 0.0032, 0.00032, and 0.00011 
p-p.m. was prepared from each of the 
two basal media, H-2 and H-2 modified, 
by diluting a stock solution of C.P. 
K.Cr,0, (1 gm./1oo ml. of distilled wa- 
ter) in calculated volumes of each of the 
above solutions. The resulting media, 
containing graded concentrations of 
chromium as Cr,O,, were distributed in 
4-ml. quantities in 18 X 125-mm. Pyrex 
test tubes, which were then plugged with 
cotton and sterilized in an autoclave. 
Because it was desired to avoid Cr,O, con- 
tamination to the glassware, the tubes 


Concentration 
(p.p.m.) 


Constituents 
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Distilled water. ........... 1000 ml. 
were thoroughly washed in a hot deter- 
gent solution and carefully rinsed several] 
times in distilled water before use. 
Duplicate tubes of each dichromate 
medium were inoculated with a standard 
loop-full from vigorous cultures of each 
of the algal species employed, the order of 
inoculation being arranged so that the 
media having the greatest concentration 
of Cr were seeded last to prevent con- 
tamination of the controls (basal media 
containing no Cr) and less concentrated 
media. The tubes were incubated up- 
right in open wire racks located near a 
large window on the north side of the 
building, thus avoiding exposure to the 
direct rays of the sun. The racks were 
turned daily to insure maximum illumi- 
nation of all tubes. The incubation tem- 
perature varied between 15° and 20° C. 
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Since a photoelectric colorimeter was 
not available, quantity of growth was 
estimated visually after 15, 33, and 56 
days of incubation. Although most of the 
species yielded cellular 
suspensions when the culture tubes were 
agitated, thus making estimation of com- 
parative growth relatively easy, the 
diatoms tended to form large adherent 
masses of cells which made accurate esti- 


homogeneous 
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mation difficult. The numbers 1, 2, 3, 4, 
5, 6 or fractions of these appearing in the 
tables and figures designate the quantity 
of growth produced and are averages ob- 
tained by reading duplicate culture tubes. 
The growth represented by each num- 
ber is as follows: 0, no growth; 1, small 
amount of growth; 2, fair growth; 3, good 
growth; 4, excellent growth; 5, abundant 
growth; and 6, very abundant growth. 


TABLE 1 


GROWTH OF FOUR NONFILAMENTOUS GREEN ALGAE AND TWO DIATOMS IN SYNTHETIC 
MINERAL MEDIUM, H-2, AND IN MEDIUM H-2 MODIFIED WITH SOIL EXTRACT, 


BOTH CON 


Cr P.P.M 15 days’ 33 days! 56days| 15 days 3 
Chlorella variegatus 
0.0 3 5 5 3 } 
0001 2.5 5 5 2 3 
0003 2 4:31 5 2.5 | 3 
0032 2 4.5 5 2 E 
032 2 5 5 2 3 
0.32 2 5 5 2 3 
1.6 I 2.5 5 I 2 
<a ° ° 4.% ° ° 
6.4 re) O.! 3 ° ° 
160.0 ° ve) ° ° ° 
Flagellate # 46 
0.0 2 5 5-5 2 4 
forere) | 4 2 ©. 5 I 4 
0003 3 5 5-5 I 4 
0032 2 5-5] 5-5| 1 4 
032 :.5 5 5-5 I 4 
oh 0.1 51 $5] 9 3 
I.0 Oo ° ° ° Oo 
Diatom # 47 
| 

0.0 o | 2 4-5 | 3 3 
OOO! ° 3 4 = 3 
0003 o «| 2 e ta 2 
0032 o | 2 4:8 2.5 2 
032 fe) > | 45) 2 3 
0.32 ° o fe is ° 
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3days 56days 


awn 


win 


wn 


mn 


rAINING GRADED CONCENTRATIONS OF CHROMIUM 


H-2 H-2 


MODIFIED 


1s days 33days s6days 15 days 33 days 56 days 


Chlorococcum humicola 


1 
1 


5 4 4-5 3-5 5 4-5 
5 3 5 4 - 4 4.5 
5 3 4-5 4-5 I + 4 
5 3 4.5 5 I 3°5 4 
5 3 5 4.5 Rg ee 4 
5 2.5 4 4-5 : 4 4 
5 0.5 1.5 3 1.5 2:8 3 
4.5 ° ee 2 0.5 1.5 2.5 
2 1°) .@) O° 12) °o ° 
° ° ° ° ° ° ° 
Lepocinclis steinii 
6 4 4 4 4-5 4-5 4-5 
6 3 3-5 4 3-5 4.5 4.5 
0 3 3-5 4 3 a 4-5 
0 4-5 4-5 4 3-5 4 4-5 
5-5 5 4 4-5 4 5 5 
5-5 ° I 4 oO 2:5 5 
3 ° fe) ° ° ° ° 
Diatom # 26 
5-5 ° O.1 - 3-5 4 4 
5 ° 2.5 2.5 1.5 4 4-5 
4 ° O.1 I 2.5 4 4 
4-5 ° I 1.5 2 4 4 
4-5 O.r |} 3 2.5 3 + 3-5 
4 o | 0.13 2.5 2 4 4 





Results and discussion 

For convenience of discussion the ex- 
perimental data are considered under 
several headings, based on growth re- 
sponse to different concentrations of 
chromium. Before entering into a dis- 
cussion of the results under each of the 
categories, a few explanatory statements 
are necessary. A summary of all growth 
data for six of the seven algae is present - 
ed in table 1. Data for Scenedesmus ob- 
liquus have been omitted, because its re- 
sponse to Cr is very similar to that of 
Chlorococcum humicola. Some of the data 
for two species, C. variegatus and diatom 
#47, derived from table 1, are also 
graphically presented in figures 1 and 2. 
Only those concentrations of Cr which 
caused differences within the graded 
series of Cr concentrations or between 
themselves and the controls have been 
graphed. Thus, wherever a series of con- 
centrations showed no difference within 
the group, only one representative value 
has been graphed. Omission of a value 
for a given medium, as for the 15-day in- 
cubation period in figure 2, indicates no 
growth. 


CONCENTRATIONS OF CHROMIUM COM- 
PLETELY INHIBITING GROWTH 
On the basis of the species studied, it 
is apparent that at least some algae, i.e., 
the diatoms, are as sensitive to chromi- 
um as are many yeasts and bacteria, be- 
cause a few hundredths of a microgram 
per milliliter completely suppressed their 
growth (table 2). Certain others, namely, 
C. variegatus, C. humicola, and S. obli- 
quus, all belonging to the Chlorococcales, 
are relatively tolerant to Cr. Intermedi- 
ate between the tolerant and the sensi- 
tive groups are the two euglenoid flagel- 
lates. 
Growth of diatom # 47, the most sensi- 
tive of the two studied, was inhibited 
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completely by 0.32 p.p.m. of Cr in syn- 
thetic medium, while a concentration of 
1.6 p.p.m. was completely inhibitory in 
the medium containing soil extract. With 
0.32 p.p.m. in the latter medium, excel- 
lent growth developed after 56 days of 
incubation. Diatom # 26 was somewhat 
less sensitive but more irregular in 
growth than #47 in H-2 medium. In 
H-2 modified medium, # 26’s sensitivity 
to Cr was five- to tenfold less than that 
of # 47 up to 33 days of growth, but after 
56 days the tolerance of the two organ- 
isms was about equal in the two media. 

For the two euglenoids the limiting 
concentrations of Cr were somewhat 
greater than those for the diatoms. 
Growth of both flagellates, L. steinii and 
# 46, was completely suppressed in con- 
centrations ranging between 0.32 and 
1.6 p.p.m. in H-2 medium. In H-2 modi- 
fied medium flagellate # 46 was able to 
tolerate more than 1.6 p.p.m. but only 
after a prolonged incubation period. 

™ contrast to the sensitivity of the 
four organisms just discussed, the three 
members of the Chlorococcales were rela- 
tively much less sensitive to Cr. C. vari- 
egatus, the most tolerant of the group, 
was completely suppressed by approxi- 
mately 3.2 p.p.m. of Cr over a period of 
more than 33 days, regardless of the na- 
ture of the basal medium. After pro- 
longed incubation the organism was able 
to tolerate more than 6.4 p.p.m. S. 
obliquus and C. humicola, although not 
able to grow in concentrations of Cr 
much above 3.2 p.p.m., initiated growth 
in equal or greater concentrations than 
did C. variegatus. 

In considering the growth-limiting 
concentrations of Cr for the seven organ- 
isms studied, it should be pointed out 
that, since the algae grow slowly, growth 
was necessarily observed over a relative- 
ly long period of time (56 days). Appre- 
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ciable evaporation, therefore, occurred in 
the culture media. Because there was as 
much as 50% reduction in volume over 
the 56-day period, the growth-limiting 
concentrations of Cr are actually some- 
what greater than the tabulated values 
indicate. 


CONCENTRATIONS OF CHROMIUM 
WHICH ALLOW GROWTH 


In the previous section the approxi- 
mate ranges of chromium concentrations 
which completely limited growth of seven 
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than the controls (table 3). Between 
these two concentration values, the 
quantity of growth varied inversely with 
the Cr concentration (figs. 1, 2, table 1). 
The greatest concentrations of Cr which 
allowed growth equal, or superior, to the 
controls at various periods during incu- 
bation are shown in table 3. 

To show the relationship between 
threshold concentration and _ optimal- 
growth concentration for each species, 
ratios have been calculated by dividing 
threshold-growth concentration values 


TABLE 2 


APPROXIMATE CONCENTRATION RANGES OF CHROMIUM, P.P.M., WHICH COM- 


| H-2 
ORGANISM | Sane er ee eee = 
15 days 33 days 

C. variegatus.... 1.6 -3.2 1.6 -3.2 6 
C. humicola ; 1.6 -3.2 3.2 -6.4 a2 
S. obliquus... .oeiusnd) One 3.2 -6.4 re 
L. steinii 0.:032-0.32 | 6.32 —1.6 ° 
Flagellate #46......| 0.032-0.32 | 0.32 -1.6 ° 
Diatom #26... No growth* | 0.032-0.32 | 0 
Diatom #47 No growth* | 0.032-0.32'| 0 


PLETELY INHIBITED GROWTH IN SEVEN SPECIES OF ALGAE 


H-2 MODIFIED 


56 days | 15 days 33 days 56 days 
10:0 | E10 +2 S23 60.4 0.4 16.0 
Om | 3-2 60.4 4.3 0.4 3.2 0.4 
0.4} 1.0 ae 1.0 bee :.o a3 

2 EO: (°O2032-0.22 || 0139 —1.0 0.32 1.6 

2 EO | -G2832-6.' 32 | 0:32 —E.0 1.6 3.2 

2 £00 | C2392 =£26 6.32 -1.9 0.32 r.© 

B2— 0:32) 0:632-6.32 | 6:042-6.37 | 6.32 — 4.0 


* The lag period for both these organisms was so extended in H-2 medium that even the controls showed no growth in 15 days. 


species of algae were presented (table 2). 
Somewhere within these concentration 
ranges the organisms could also initiate 
slight growth. Those concentrations 
which allowed at least some growth, i.e., 
threshold concentrations, are graphi- 
cally presented in figure 3. These ap- 
proximate values were estimated from 
the data in table 1 by combining concen- 
trations and growth values. A given 
threshold-concentration value was in- 
creased over the corresponding value in 
table 1 in proportion to the quantity of 
growth made. These near-growth-limit- 
ing concentrations generally are consid- 
erably higher than the concentrations 
which allowed equal or better growth 


by optimal-growth concentration values 
(table 4). These ratios, relatively wide in 
the early periods of growth, tend grad- 
ually to narrow down to unity. This 
tendency, which is especially marked in 
C. variegatus, would seem to indicate 
that the organisms slowly adapt them- 
selves to chromium. A ratio of 1 probably 
indicates that the cell’s adaptive proc- 
esses are unable to accommodate the or- 
ganisin to higher concentrations of the 
heavy metal, at least over a period of 56 
days. When the ratios are greater than 
unity, the organism is apparently po- 
tentially able to adjust itself to still high- 
er concentrations of Cr. Thus the three 
members of the Chlorococcales appear to 
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possess adaptive potentialities superior 
to those of the flagellates and diatoms. 
C. variegatus would appear to possess an 
especially rapid adaptive ability. 

On the basis of absolute tolerance to 
Cr, 1.e., ability to make at least some 


times more tolerant than those occupy- 
ing the lower half of that table, are, on 
the basis of optimum growth, little more 
tolerant toward Cr than the bottom 
group. In fact, C. variegatus, previously 
indicated to be the most tolerant organ- 


TABLE 3 


GREATEST CONCENTRATION OF CHROMIUM, P.P.M., WHICH PERMITTED GROWTH 
EQUAL TO, OR BETTER THAN, CONTROLS (NO CR) 
IN SEVEN ALGAL SPECIES 


H-2 H-2 MODIFIED 
ORGANISM 

15 days 33 days 56 days 15 days days 56 days 
(. variegatus 0.0001 0.32 1.6 0.00032 0.32 3.2 
C. humicola 32 32 0.32 ° 32 0.32 
S. obliquus 32 32 32 ° 32 32 
L. steinii 032 032 32 032 032 32 
Flagellate #46 0.032 032 32 ° 032 32 
Diatom #26 . 32 32 032 32 32 
Diatom #47 . 0.032 0.032 0.032 0.032 0.32 

* No growth in any tubes, including controls 
TABLE 4 


RATIOS OF CONCENTRATION OF CHROMIUM ALLOWING TRACE GROWTH TO CON- 
CENTRATION WHICH PERMITTED OPTIMAL GROWTH IN SEVEN ALGAL SPECIES 


H-2 
| 
ORGANISM 
15 days 33 days 

C. variegatus 1454 20 
C. humicola 5 10 
S. obliquus 10 10 
L. steinii I 5 
Flagellate #46 10 10 
Diatom #26 . 10 
Diatom #47 . I 


H-2 MODIFIED 


56 days 15 days 33 days 56 days 
4 500 10 2 
10 7 10 10 
10 : ‘ 5 5 
I I 5 I 
I ; 10 5 
I 10 I I 
I I i fe) I 


* None of cultures containing Cr produced growth equal to control] during this early period, thus making calcu 
I “ 1 yi 


lation of a ratio impossible 


growth, the seven species studied may be 
grouped as “least,” “intermediately,” 
and “most sensitive.” This grouping, 
however, is not possible when consider- 
ing concentrations which allow optimal 
growth. Those organisms in the top half 
of table 2, which on the basis of thresh- 
old-growth concentrations are many 


ism to Cr, was unable to duplicate con- 
trol growth during the first 15 days in 
either basal medium containing over 
0.00032 p.p.m. By contrast, diatom # 26, 
a very sensitive organism on the basis of 
the earlier grouping, was able to make 
optimal growth in a hundred-fold greater 
concentration than was C. variegatus. 
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After 56 days of growth, C. variegatus 
and diatom # 47 were the only organisms 
that could be distinguished from the 
other species on the basis of greater or 
lesser tolerance for Cr. 


GROWTH-STIMULATING CONCENTRA- 
TIONS OF CHROMIUM 


In the two previous sections those 
concentrations of the heavy metal which 
completely inhibited growth, as well as 
those which allowed it, have been indi- 
cated and discussed. In addition, as with 
many toxic substances, chromium, when 
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was stimulated by Cr in the nonsyn- 
thetic medium, and better than optimal 
growth continued in both basal media be- 
yond 56 days of growth. 


SENSITIVITY TO CHROMIUM AS INFLU- 
ENCED BY COMPOSITION OF NUTRI- 
ENT MEDIUM 

It has already been pointed out that 
the various species responded differently 
to Cr in the two basal media employed. 
These media of different composition 
were purposely used, because two factors 
appeared to be present which might pos- 


TABLE 5 
CONCENTRATION RANGES OF CHROMIUM, P.P.M., WHICH STIMULATED 
GROWTH IN SEVEN SPECIES OF ALGAE 


H-2 H-2 MODIFIED 
ORGANISM } a 

| 15 days 33 days 56 days 15 days 33 days 56 days 
C. variegatus. | None None None None None None 
C. humicola ©.000I —0.032 0.0001 —0.032 None None None None 
S. obliquus. . ©.O000I —0.032 ©.00032-0.032 None None None None 
L. steinil 0.0003 2-0.032 ©.00032-0.032 0.032 None ©.032 0.032 
Flagellate #46. ©.O000I —0.00032 ©.000I —0.0032 None None None None 
Diatom #26 ©.0001 —0.032 None None None None 
Diatom #47..... ©.000I —0.00032 None None None None 


present in sublethal quantities, stimu- 
lated growth in certain of the algal spe- 
cies but not in others (table 5). Stimula- 
tion, when it occurred, generally was 
found in the synthetic medium. C. varie- 
gatus, the most tolerant and rapidly 
adaptive organism to Cr, nevertheless, 
was not stimulated by its presence. All 
other species were stimulated to some 
extent. Certain species were stimulated 
over a relatively wide concentration, 
e.g., C. humicola, 0.0001-0.32 p.p.m. Asa 
general rule, also, stimulation occurred 
only in the earlier incubation periods, no 
effect being apparent after the culture 
aged. L. stetnii, however, differed from 
the other species in two ways. Its growth 


sibly modify the toxicity of chromium. 
These factors are: (a) the vigor of growth 
permitted by a given nutrient medium 
and (6) the protective effect afforded by 
the constituents of a medium. Prelimi- 
nary studies indicated that, although the 
seven species grew satisfactorily on both 
media, certain species were favored by 
one or the other substrate. Consequently, 
it was thought that the ability to make 
better growth on a certain medium would 
also be reflected in increased tolerance to 
Cr. In addition, because of the composi- 


tion of the H-2 modified medium which 
contains organic substances, it appeared 
that a protective effect against metal 
toxicity might be expected. 
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Reference to the controls in table 1 
will show the favoring effect of one medi- 
um over another on the growth of the 
organisms. This effect, while somewhat 
apparent in the five members of the 
Chlorophyceae studied, was especially 
marked with the two diatoms. The latter 
were definitely favored by the medium 
containing soil extract. Both of these or- 
ganisms exhibited a lag period of over 15 
days in the synthetic medium, whereas 
good growth was attained after 15 days 
in the nonsynthetic medium. This favor- 
ing effect continued throughout the 56 
days of growth for the diatoms. C. humt- 
cola, by contrast, was favored only tem- 
porarily by soil extract, since after 33 
days the quantity of growth was nearly 
equivalent in the two media. For the 
other green forms the two media were 
about equally satisfactory. 

Although preliminary studies had in- 
dicated the superiority of the nonsyn- 
thetic medium for certain of the algae, it 
remained to be determined how this en- 
hanced growth would be reflected in 
terms of tolerance for Cr. In discussing 
this differential effect, it is convenient to 
consider tolerance to Cr under the same 
categories as those used previously for 
section headings, i.e., concentrations 
completely suppressing growth, concen- 
trations allowing some growth, etc. 

Reference to tables 1 and 2 and figure 
3 will show the influence of the two media 
on the toxicity of Cr in the concentration 
zones of complete or nearly complete sup- 
pression of growth. 

In general, the algae were able to make 
at least slight growth in higher concen- 
trations of Cr in the medium containing 
soil extract (table 2). An exception to 
this trend is S. obliguus, which tolerated 
more Cr on H-2 medium. The two dia- 
toms best illustrate the salutary effects 
of soil extract; slight 
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curred in two- to tenfold greater con- 
centrations of the heavy metal in H-2 
modified medium than in H-2. Thus it 
appears that media which allow superior 
growth of an organism also endow it with 
increased tolerance to chromium. 

If that series of concentrations which 
permitted optimum growth (table 3) is 
next considered in relation to type of 
basal medium, a somewhat different rela- 
tionship exists from that just indicated. 
The diatoms which were definitely fa- 
vored by H-2 modified now seem less com- 
pletely favored by it. C. variegatus was 
able to develop optimally in twice the 
concentration of Cr when the basal 
medium contained soil extract, but the 
other four green algae tolerated more Cr 
in the early periods of growth on H-2 
medium. Later, however, they showed 
about equal tolerance on the two media. 

It was previously indicated that the 
stimulating effect of Cr on growth oc- 
curred almost exclusively on the syn- 
thetic medium. Although the cause for 
this phenomenon has not been deter- 
mined, it would seem likely that there 
were substances in the medium contain- 
ing soil extract which are themselves 
stimulating and which, therefore, may 
have masked the potential stimulation 
by Cr. It is also possible that substances, 
either organic or inorganic, present in 
the soil extract, partly removed the Cr 
by adsorption or precipitation. 

As a result of the differing tolerances 
to chromium exhibited by the several or- 
ganisms, depending on the nature of the 
medium, it appears that the degree of 
growth vigor induced by a basal medium 
is an important factor in increasing tol- 
erance to the heavy metal. It was not 
possible, however, to demonstrate a pro- 
tective effect in either of the two media 
employed, in spite of the presence of or- 
ganic substances in one of them. An or- 








ganism like diatom # 26 is more tolerant 
to Cr in H-2 modified medium than in 
H-2 medium largely because the nonsyn- 
thetic solution is a more suitable nutri- 
ent medium for that organism. 

The results obtained with the seven 
species of unicellular algae studied indi- 
cate a wide range in the sensitivity of 
this group of plants to the heavy metal, 
chromium. Some of the green forms, 
especially those belonging to the Chlo- 
rococcales, are relatively tolerant to Cr; 
but other green forms, such as the eugle- 
noid flagellates, are much more sensitive 
to it. The diatoms are very sensitive to 
traces of the metal and would very likely 
fail to grow in many of the media pro- 
posed for their isolation and cultivation 
if traces of Cr,O, ion were to contaminate 
the substrate. The inhibition of growth 
would be especially likely under condi- 
tions of light inoculation such as occur 
when dilution cultures are prepared for 
plate cultures. It is very likely that even 
less sensitive organisms would also fail 
to develop where only a few cells com- 
posed the inoculum. 

The use of dichromate-sulfuric acid 
cleaning solution would thus seem to be 
strictly precluded in any investigations 
involving the isolation and cultivation of 
algae. Because of the extreme sensitivity 
of many forms to Cr and because it is 
practically impossible completely to re- 
move adsorbed Cr,O, ions from glass- 
ware exposed to such a cleaning agent, 
more reliable results may be expected 
when glassware is cleaned with detergent 
or nitric acid cleaners. 
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Summary 

1. Seven species of Chlorophyceae and 
diatoms were cultured over a period of 56 
days in two different basal media in the 
presence of graded concentrations of 
chromium ranging from 0.0001 to 32 
p-p.m. 

2. These algae, on the basis of the con- 
centrations of Cr required for complete 
suppression of growth, fell into three 
groups as follows: (a) most tolerant, 
three members of the Chlorococcales, 
3.2-6.4 p.p.m. of Cr; (6) intermediately 
tolerant, two euglenoid flagellates, 0.32- 
1.6 p.p.m.; (c) least tolerant, two dia- 
toms, 0.032-0.32 p.p.m. 

3. The organisms, on the basis of con- 
centrations of Cr allowing optimum 
growth, showed greater similarity in 
sensitivity to Cr, with five of the seven 
species being unable to develop optimally 
in concentrations above 0.32 p.p.m. 
Chlorella variegatus grew normally in 
1.6-3.2 p.p.m., while diatom # 47 could 
tolerate no more than 0.032-0.32 p.p.m., 
depending on the basal medium. 

4. Chromium in sublethal concentra- 
tions stimulated the growth of several of 
the organisms, especially on the syn- 
thetic, inorganic medium. 

5. The composition of the basal media, 
one synthetic, the other similar but also 
containing soil extract, influenced both 
the growth vigor and the sensitivity of 
the organisms to Cr. Growth vigor and 
degree of tolerance for Cr were positively 
correlated. 


BLACKLAND EXPERIMENT STATION 
TEMPLE, TEXAS 
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VELOCITIES OF WATER ABSORPTION BY INDIVIDUAL 
ROOT HAIRS OF DIFFERENT SPECIES 


ms 2. 


Introduction 

Because of the lack of conclusive data 
in the literature on the question of 
whether an individual root hair does ac- 
tually function as an absorbing mecha- 
nism, ROSENE (5) designed an apparatus 
to measure absorption of water by a 
single hair. It was used on radish seed- 
lings (Raphanus sativus), and the data 
showed that individual root hairs, origi- 
nally grown in moist air, absorbed water 
steadily, with a maximum velocity of 
31 X 10° mm’/mm?,min and a mini- 
mum velocity of 2X 104 mm$/mm?/ 
min when the hairs were almost totally 
immersed in micropotometers filled with 
tap water at temperatures ranging from 
25° to 31 C. It was also demonstrated 
that when different regions of an individ- 
ual root hair were inserted into a micro- 
potometer, there was “unequal absorp- 
tion in the different areas of the individu- 
al cell under the given conditions” (5: 
604). The experiments indicated that the 
distal end of a single hair had a greater 
velocity of absorption than the relatively 
more proximal areas. 

Up to the present time apparently no 
other work has been done to determine 
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directly the velocity of absorption of 
water by root hairs. This paper reports 
the extension of the procedure used by 
ROSENE to other species of plants. 


Material and methods 


The literature contains considerable 
data upon the growth of root hairs of 
many plants in different media. These 
provided a list from which plants were 
selected for study. In order to use the 
equipment effectively, it was necessary 
to select species which would germinate 
and produce in moist air long root hairs 
that grew at a suitable rate at right 
angles to the radicle and were not too 
close together. Preliminary experiments 
were performed to determine which spe- 
cies met these conditions. The plants fi- 
nally selected were: Chinese cabbage 
(Brassica chinensis), Georgia collard 
(Brassica oleracea), mustard (Brassica 
hirta), radish (Raphanus sativus), tomato 
(Lycopersicon esculentum), field pea (Pi- 
sum sativum arvense), corn (Zea mays), 
oat (Avena sativa), barley (Hordeum vul- 
gare), and wheat (Triticum aestivum). 

lor a comparison of velocities of water 
absorption by individual root hairs of 
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different species ideal conditions should 
include similar hairs on the various 
plants. But seedlings of different species 
vary in rate of growth, in length of the 
radicle at the same age, and in the dis- 
tribution and the length of hairs on the 
radicle. In order, therefore, to have 
standard conditions, the particular hair 
selected for insertion into the micropo- 
tometer for an experiment was always in 
a region from 4 to 11 mm. from the apex 
of the radicle. It was necessary to select 
hairs from an extended area rather than 
from a given point because of their sticki- 
ness, their proximity to one another, and 
their occasional overlapping. This, how- 
ever, complicated the selection of com- 
parable absorbing areas on each hair 
from one species to another. Such plants 
as field pea and corn, for example, had 
very short, stubby hairs over the desig- 
nated region, while radish and Chinese 
cabbage had comparatively long, slender 
hairs. When it was necessary to use long- 
er hairs, the distal end only was inserted 
in order to study comparable areas. All 
seedlings were used before the food mate- 
rial in the seed had been exhausted. 

In general, the equipment and proce- 
dure were those described by ROSENE 
(5). The essential equipment consisted 
of a movable holder for the seedling and 
of movable micropotometers placed with- 
in a rectangular glass experimental 
chamber. The chamber, lined with wet 
filter paper, fitted into a depression in a 
rectangular, paraffin-coated transit base 
which was supported by a heavy rod. 
Four perforations, fitted with glass 
guards and sealed with latex rubber 
finger cots, allowed the root holder, “root 
position adjuster,’ window wiper, and 
thermometer to be inserted through the 
base. The micropotometer support, with 
control and experimental micropotome- 
ters attached to it, was inserted through 
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a hole in the top of the chamber that was 
sealed with a finger cot. Distilled water 
was used to fill the depression and the 
finger cots and to moisten the filter pa- 
per. The micropotometer support and 
root holder were moved by micromanip- 
ulators. The micropotometers were filled 
with aerated Hoagland’s solution at 
PH ca. 5. 

A horizontal microscope with a Filar 
micrometer was used when making ad- 
justments with the micromanipulators 
and in taking all measurements. 

The apparatus was set on a stationary 
table in a dark basement room. A single 
fluorescent lamp placed behind the ex- 
perimental chamber provided a direct 
light source and was kept on continually 
during each experiment. Healthy root 
hairs were produced by the radicle grow- 
ing in the chamber under the specified 
conditions. SNow (7), RoBERTS (4), and 
Jerrs (3) found the only effect of light on 
root hairs to be due to its effect on the 
growth of the plant as a whole. 

Tomato, field pea, corn, oat, barley, 
and wheat seeds were soaked 24 hours 
before being placed on wet filter paper in 
Petri dishes for germination in the dark; 
Chinese cabbage, Georgia collard, mus- 
tard, and radish seeds were usually 
placed dry on wet filter paper in Petri 
dishes. After radicles appeared, each 
seedling was placed in the experimental 
chamber in the evening and used the next 
morning. Root hairs which had devel- 
oped and grown entirely inside the moist 
environment of the chamber were always 
used in experiments. When a root hair 
had been selected for study and had been 
inserted into the experimental micropo- 
tometer, the preparation was left 20 min- 
utes for equilibration. 

Readings were taken in continuous 
direct light at 10-minute intervals for 1-2 
hours by measuring the change in posi- 
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tion of the distal menisci in each micro- 
potometer with the Filar micrometer. 
The diameter and length of the hair in- 
serted were measured in order to deter- 
mine its surface area for calculation of 
the velocity of water absorption. Root 
hairs are not perfect cylinders, owing to 
their dome-shaped tip, but the small de- 
viation in area from that of a cylinder 
was considered negligible. 

The velocity of absorption of water by 
an individual hair was calculated by sub- 
tracting the volume change of the solu- 
tion in the control micropotometer from 
the volume change of the solution in the 
experimental micropotometer during 
unit time, and dividing this difference by 
the surface area of that portion of the 
hair inserted into the micropotometer. 
ROSENE (5) found a slight amount of 
evaporation in the micropotometers in 
the absence of root hairs and could not 
eliminate it under these particular con- 
ditions. 

Rather than make initial and final 
readings for a prolonged period of ab- 
sorption by a large number of hairs with- 
in each species, it was considered more 
desirable to follow the time course of ab- 
sorption and make more measurements 
on fewer hairs, because this latter proce- 
dure provided not only a more detailed 
picture of water intake by each hair but 
a useful check on a new quantitative 
microtechnique. 


Results 


VELOCITIES OF ABSORPTION WITHIN 
A SPECIES 

The results are summarized in table 1. 
The number of experiments indicate the 
number of hairs studied. Measurements 
were made on a single hair of different 
radicles except in one instance. Two of 
the experiments were performed on indi- 


vidual hairs of the same mustard seedling 
on the same day. The average velocities 
of absorption by these two root hairs 
were similar and were the highest aver- 
age velocities of absorption by individual 
hairs found within the species. Each 
average velocity represents the average 
of all the velocities measured at 10-min- 
ute intervals in a single hair; each mean 
velocity designates the mean of the de- 
terminations for all hairs within each 
species. 

The different hairs within a species 
manifested a wide range in the number of 
cubic micra of Hoagland’s solution which 
passed through the immersed hair sur- 
face in various to-minute intervals of all 
the experiments (table 1). No net water 
intake was found during one or more to- 
minute intervals in certain experiments 
with three species—barley, oats, and 
wheat. Since no growth was observed 
while the hairs were inserted into the 
micropotometers in these experiments, 
the apparent increase in volume of the 
micropotometer solution was evidently 
not due to growth phenomena. 

One individual hair of a tomato seed- 
ling grew while inserted into the micro- 
potometer for a period of 5 hours. After 
calculation of the changed absorbing 
surface owing to the increased length, the 
average velocity of absorption (0.22 3 
u’?/min) was closely comparable with the 
absorption velocity (0.24 u3/u?/min) ob- 
served in 1o-minute intervals at the be- 
ginning of the 5-hour period. This was 
the only instance of a root hair growing 
following insertion into the micropo- 
tometer, although many species (1) pro- 
duce root hairs when growing in a liquid 
medium. FARR (2) and WILson (8) both 
found that reversible inhibition of root 
hair elongation frequently occurred when 
a seedling was transferred from one me- 
dium to another. ROSENE (5) observed 
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reversible inhibition of growth in radish 
hairs during immersion in micropotome- 
ters filled with tap water. 

Uniform average velocities of absorp- 
tion by the root hairs within any one spe- 
cies were not observed. Fairly close 
agreement was found in the root hairs of 
tomato and of Chinese cabbage. Several 
factors, which are considered in another 
section, appear to account, in part, for 
the lack of uniformity of average veloci- 
ties of absorption by different hairs with- 
in a species. These include variations in 
the immersed areas and length (age) of 
the hairs and the temperature range. 

Data from root hairs manifesting the 
highest average velocity within a species 
are presented in table 2. Since the highest 
velocities in oat and corn hairs were ob- 
served in experiments of 60-minute dura- 
tion, averages at 60 minutes were calcu- 
lated for the other species. Data from oat 
and corn root hairs showing maximum 
velocities in experiments of go-minute 
duration are included in table 2 for com- 
parison; these are marked with an as- 
terisk. 

Fluctuations in unit volume intake per 
unit area of hair surface per unit time 
from one 10-minute interval to another 
in each experiment were found not only 
in the hairs manifesting the highest ve- 
locities of absorption (table 2) but in all 
hairs within each species. The range of 
fluctuations in any one experiment, how- 
ever, was not so great as that found when 
all the velocities determined at 10-min- 
ute intervals in the experiments within a 
species were compared. 


VELOCITIES OF ABSORPTION 
BY DIFFERENT SPECIES 
A comparison of the mean velocities of 
absorption in table 1 shows that the 
speed of intake through unit areas of 
hair surface is greatest in field pea and 
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lowest in barley. Chinese cabbage and 
Georgia collard of the genus Brassica had 
similar mean velocities of absorption, but 
mustard in the same genus had a some- 
what higher velocity. The mean velocity 
of absorption by radish hairs was higher 
than those of the other members of 
Cruciferae studied. The mean velocities 
of absorption by hairs of oats, barley, 
and wheat appear to be similar to one an- 
other, but corn, also a member of the 
Gramineae, shows a much higher mean 
velocity. 

The data in table 1 are arranged from 
left to right in order of magnitude of the 
mean velocities of absorption. Before any 
conclusion is made regarding the signifi- 
cance of an apparent rank in the magni- 
tude of velocities of absorption by the 
root hairs of the different species, it is im- 
portant to consider the data in relation 
to immersed areas and temperature. 


VELOCITIES OF ABSORPTION BY HAIRS 
WITH DIFFERENT IMMERSED AREAS 


The comparatively lower maximum 
velocities of the different species in table 
2 were, in general, found in root hairs in 
which the area of immersion was greater 
in extent. But the experiments in which 
these maximum velocities were observed 
were performed at different tempera- 
tures. Data from those experiments 
which were within a relatively small tem- 
perature range (26.6° + 0.7° C.), however, 
are arranged in table 3 according to the 
extent of the immersed areas. The hairs 
varied in length but had been selected 
from a region comparatively the same 
distance from the radicle apex. 

With the exception of one hair in Chi- 
nese cabbage, the hairs with immersed 
areas of less than 10,000 uv? showed higher 
average velocities of absorption. The 
maximum velocity found within Chinese 
cabbage, however, appeared in this hair, 
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which, within the species, had the small- 
est immersed area. It was also the short- 
est Chinese cabbage hair studied, and a 
greater proportion of its total length was 
immersed. 

The average velocities of absorption 
observed in five of the seven experiments 
on field pea hairs appear in table 3. In 
cubic micra per square micron of surface 
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perature it is important to use hairs of 
the same length and with similar im- 
mersed areas in order to compare the 
mean velocities of absorption of different 
species. In two experiments with hairs of 
different species—field pea and corn— 
the hairs were identical in length (0.13 
mm.) and the immersed lengths (0.11 
and o.10 mm., respectively) were practi- 


TABLE 3 


A 


a 


| 
} | 
} 


ERAGE VELOCITIES OF ABSORPTION BY HAIRS WITH DIFFERENT 
AMOUNTS OF SURFACE IMMERSED AT 


26.6°+0.7° C. 


| 
, | Distance of - | Area of | 
Duration Re Total Length of | . Be ; 
; : s hair from ; | immersed | Velocity of 
7 Temperature of experi- | : length immersed | , } a 
Species ‘ apex of , : | hair | absorption 
e.) ment } of hair region a ; 
radicle } surface u3/p?/min 
min.) mm.) (mm.) | p 
(mm.) (u2) 
| 

Oats ; 20.4 go Eh 1.65 0.47 20,700 0.17 
Chinese cabbage 26.3 70 6.¢ :.49 0.63 18,g00 0.61 
Chinese cabbage 27.0 70 6.3 1.50 0.62 18,700 0.71 

Oats 20.8+0.1 go 4.9 ep 0.47 17,700 0.23" 

Wheat 26.0+0.1 80 e.9 0.72 ©.47 17,700 o.31* 
Wheat 26.6+0.1 go 6.0 0.51 | “6.48 17,000 0.94 
Field pea 26.4+0.2 ge 5.2 0.49 | 0.34 14,900 0.85 
Chinese cabbage 26.7 go 5.5 1.07 0.44 13,300 0.65 
Mustard 7.10.1 70 4.3 1.05 | 0.40 12,100 1.82 
Mustard 26.2 go ©.9 °.79 0.38 11,500 | 2.22 
Chinese cabbage 25.9 go 5.8 0.76 ©. 32 9,700 0.83 
Tomato 27.0 go 5.8 0.30 0.23 8,700 | 2.35 
Tomato 26.6 go 5.8 0.26 0. 23 8,700 | 2.55 
Field pea 27.3 go 5-9 0.21 0.18 7,900 | 3.46 
Field pea 27.3 70 6.1 0.28 0.18 7,900 2.89 
Tomato 20.9 0.1 rele) 6.8 0.32 0.21 7,300 2.20 
Field pea 20.7+0.1 60 6.6 0.15 0.12 5,300 5.12 
Field pea 20.4 60 ‘.7 0.13 O.II 4,100 5.93 
Corn 27.3 60 8.0 0.13 0.10 4,000 4.54 

* Negative values in two 10-minute intervals 


per minute the seven average velocities 
were: 0.85, 3.46, 3.57, 4.98, 5.12, 5.73, 
and 7.0. Only one of the hairs had an im- 
mersed area greater than 7900 yw’. Its im- 
mersed area was 14,900 pw’. It manifested 
a considerably lower average velocity of 
absorption, and it was the longest of the 
hairs, the next in size being 0.28 mm. in 
length. The shortest hair studied in this 
species which had a_ proportionately 
greater portion inserted had the highest 
average velocity of absorption. 

These data show that at a given tem- 


cally the same, as were the areas of 4100 
and 4000 yp’, but the average velocities of 
absorption were different (table 3). This 
might represent a species difference in 
absorption velocity. 

The problem of studying comparable 
areas in hairs of the same length in differ- 
ent species is complicated by the varia- 
bility of hair length in different species. 
If the longest of the short, stubby hairs of 
field pea were to be used as a standard of 
reference, this would mean that compar- 
atively older hairs of field pea would be 
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studied, while in radish and wheat, for 
example, the hairs of this length would be 
relatively younger. Table 3 shows that a 
mustard hair 1.05 mm. in length with 
38% of the hair immersed (12,100 yu?) had 
a lower average velocity of absorption 
than a shorter (younger) mustard hair, 
0.79 mm. in length with 48% of its length 
immersed (11,500 yu’). 


EFFECT OF TEMPERATURE UPON VELOC- 
ITIES OF ABSORPTION OF 
ROOT HAIRS 


Although it was not possible to main- 
tain a day-to-day constant temperature 
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found in experiments at any one tem- 
perature. 

The negative values of absorption 
which appeared during certain 10-minute 
intervals in the experiments on oats, bar- 
ley, and wheat were observed at relative- 
ly higher temperatures. Further work is 
needed to establish whether these are due 
to temperature effects. In another series 
of experiments on the hairs of wheat 
only, however, negative values were not 
found during any to-minute interval in 
eighteen experiments performed at a 
temperature range of 23.9 + 0.2°C. 

The temperatures (average, 23.8° C.) 


TABLE 4 


AVERAGE VELOCITIES OF ABSORPTION BY ROOT HAIRS 
AT DIFFERENT TEMPERATURES 


Duration 


Immersed 


Saito ‘Peas. Temperature Velocity of 
rae area Ss absorption 
Field pea. ... 70 4,200 22.6+0.2 4.98 
Field pea 60 4,100 260.4 5.73 
Corn. go 12,800 $1 70:3 0.96 
Corn. go II,700 26.0+0.1 0.46 
Oats 60 12,400 ai.729.2 ‘7 
Oats go 15,800 24.g+0.1 0.6 
Oats. go 17,700 20. 20.3 6.07* 
Oats ....: go 17,700 26.8+0.6 0. 23* 
Wheat go 15,800 21.3+0.1 0.55 
Wheat go 16,200 26.6+0.2 0.24" 
Mustard go 12,000 7 ee Bn lo 0.91 
Mustard 70 12,100 27-1 20.1 1.82 
* Negative values during some ro-minute intervals. 


in the basement room used for the experi- 
ments, fourteen of the individual experi- 
ments showed no change in temperature 
during 10-minute intervals. 

The data of table 2 show that the fluc- 
tuations in velocities of absorption which 
occurred from one to-minute interval to 
another during an experiment were inde- 
pendent of temperature change, for they 
also occurred at constant temperature. 
Table 2 shows also that the maximum 
average velocities of absorption were not 


at which absorption by the root hairs of 
Georgia collard was measured were lower 
than those (average, 27.7° C.) at which 
absorption by Chinese cabbage root 
hairs was measured (table 1). But the 
mean velocity of absorption for a root 
hair of Georgia collard was the same as 
that for a root hair of Chinese cabbage. 
The areas of immersion in the experi- 
ments ranged from 9700 to 18,900 yp’. 
The results in table 4 are from those 
experiments within a species in which the 
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areas of immersion were comparable and 
the temperatures varied ca. 4° C. Field 
pea and mustard hairs showed higher 
rates of absorption at the higher temper- 
atures, but in oat, wheat, and corn the 
velocities were lower at the higher tem- 
peratures. 

Table 2 shows data obtained from two 
root hairs of wheat with relatively com- 
parable amounts of immersed areas but 
of different length and from experiments 
performed at different temperatures. The 
data designated by an asterisk were from 
a hair studied in the separate set of ex- 
periments on wheat mentioned earlier. 
The average velocity of absorption in the 
wheat™ hair was over three times greater 
than that of the wheat hair in table 2, 
which showed a maximum velocity of ab- 
sorption in this set of experiments. The 
mean velocity of absorption in the wheat 
hairs of the second set of experiments at 
a temperature of 23.9 + 0.2°C. was 
2.7 w’/p?/min compared with the mean 
of o.5 uw’ when the range of temperature 
was 24.5° + 3.0° (table 1). None of the 
experiments in the study reported here 
was designed to study temperature ef- 
fects, but they do indicate that tempera- 
ture is important. 


Discussion 


The direct quantitative measurement 
of absorption by individual root hairs is 
a new microtechnique which heretofore 
had been used but once (5); the data then 
obtained furnished strong evidence for 
unequal absorption in different areas of 
an individual root hair. In the present in- 
vestigation, designed to compare the 
velocity of absorption in root hairs of 
different species, the importance of other 
variables became known as the work 
progressed. 

I:vidently the deviations in the aver- 
age velocities of absorption by root hairs 


within a species were due, in part, to dif- 
ferences in length, in age, and in the ex- 
tent of immersed areas of the root hairs 
as well as differences in temperature. The 
greatest uniformity in average velocities 
of absorption within a species was found 
in tomato. The experiments on tomato 
were performed within a narrow temper- 
ature range (26.8° + 0.4°C.), the vari- 
ation in hair length (0.26-0.42 mm.) was 
not so great as in other experiments, and 
the immersed areas were fairly similar, 

Radish root hairs showed an average 
velocity of absorption that fell within the 
range of minimum and maximum veloci- 
ties reported by RosENE (5) for the same 
species. 

A comparison may be made of the ve- 
locities of absorption of the root hairs of 
corn found in the present study with the 
results obtained from corn roots by 
SEELIGER (6). A strict comparison is not 
valid, however, since plants of different 
age, different temperatures, solutions of 
different osmotic pressure, and different 
absorbing regions were studied. She used 
entire corn plants from 4 to g days old, 
with roots from 44 to 178 mm. long, and 
with temperatures ranging from 28° C. to 
32 C. in a saturated atmosphere. She 
measured potometrically the velocity of 
absorption of Hoagland’s solution (dilut- 
ed four times) by five regions of a root 
simultaneously and found the average 
absorption velocity of a root to be 0.32 
mm3/mm7?/hr or 5.4 “3/u?/min. Although 
this is higher than the average velocity of 
absorption of corn root hairs (1.7 p3/w 
min) found in the present study, it is not 
much higher than the maximum velocity 
(4.55 w’/w?/min) observed. SEELIGER did 
not indicate whether the corn roots she 
used were hairless; yet a comparison of 
her data with those of the present inves- 
tigation raises the question of the rela- 
tive importance of hair and_ hairless 
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epidermal cells with respect to absorp- 
tion. 

At the present stage of our knowledge 
of the physiology of absorption by indi- 
vidual root hairs it is not possible to at- 
tach much significance to the rank in 
magnitude of absorption velocities shown 
in tables 1 and 2. 

The data showed that the mean veloci- 
ties of absorption by root hairs of Chi- 
nese cabbage, Georgia collard, and mus- 
tard of the genus Brassica were relatively 
similar. Yet when the average velocity of 
a mustard root hair 1.05 mm. long with 
an immersed area of 12,100 uw? is compared 
with that of a Chinese cabbage root hair 
1.05 mm. long and an immersed area of 

3,300 py”, it shows that absorption by the 
mustard hair was almost three times as 
fast as that by the Chinese cabbage hair 
under comparable conditions of tempera- 
ture, hair length, and extent of immersed 
area (table 3). 

The fluctuations in the velocity of 
water absorption by individual root 
hairs from one 10-minute interval to an- 
other, which were independent of tem- 
perature changes, were similar to those 
reported by RosENE (5). The data in the 
present investigation indicated no peri- 
odicity of absorption by a root hair in 
any of the species studied. 

Individual root hairs were produced, 
grew, and absorbed water over the range 
of temperatures used in these experi- 
ments. JEFFS (3) reported that a sudden 
rise or fall of temperature altered the 
rate of growth of a root hair; if as much 
as 3° C.-5°C., it stopped growth alto- 
gether. The temperature change ob- 
served in any one of the present experi- 
ments in which a change occurred was 
gradual. Small gradual changes appeared 
to have no effect upon the velocity of 
absorption by the root hairs of any rad- 
icle. Oats at temperatures near 26° C. ex- 
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hibited intermittent, low velocities of 
absorption by each root hair and at 
24°C. exhibited continuous absorption; 
barley and wheat showed the same be- 
havior to some extent. 


Summary 


1. ROSENE’s micropotometric tech- 
nique was used to determine the velocity 
of absorption of Hoagland’s solution at a 
pH of ca. 5 by individual root hairs of ten 
species. Experiments were performed 
with the seedlings in moist air at different 
temperatures ranging from 19°C. to 
30 C, 

2. The mean velocities of absorption 
by the root hairs within a species calcu- 
lated in cubic micra per square micron of 
hair surface per minute were: barley, 
0.3; Oats, 0.5; wheat, 0.5; Chinese cab- 
bage, 0.7; Georgia collard, 0.7; mustard, 
1.2; corn, 1.7; radish, 2.0; tomato, 2.3; 
and field pea, 4.4. 

3. Fluctuations in the velocity of ab- 
sorption by individual root hairs from 
one 10-minute interval to another were 
observed, but no definite periodicity was 
noted. These fluctuations were independ- 
ent of temperature changes. 

4. Small gradual temperature changes 
appeared to have no effect on the veloci- 
ty of absorption by an individual root 
hair during any one experiment. Oats, 
barley, and wheat showed intermittent 
absorption at temperatures above 25° C. 
and continuous absorption of water at 
temperatures below 25° C. 

5. The results demonstrated that in 
any study on absorption by individual 
root hairs the age and length of each hair 
and the extent of the immersed area, as 
well as temperature, are important vari- 
ables. 
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GROWTH OF THREE VARIETIES OF LILIUM FROM BULBS 
STORED IN VAPORS OF METHYL ESTER OF 
NAPHTHALENEACETIC ACID 


CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 608 


R. M. ACKER 


Introduction 

In recent years certain growth-regu- 
lating substances have been widely used 
both to prevent or retard growth of 
plants or plant parts and to stimulate 
growth. Relatively high concentrations 
usually retard growth, while low concen- 
trations may hasten or increase it. Pre- 
vention of growth of trees, rose bushes, 
certain ornamental shrubs, potatoes, car- 
rots, parsnips, turnips, etc., in storage 
has been demonstrated to be commercial- 
ly feasible (3, 5, 6, 7, 8, 10). Low concen- 
trations of certain growth-regulators 
have stimulated growth and induced 
early flowering of rose bushes, snap 
beans, and pineapple (7, 9, 12). No stud- 
ies on the response of lilies to these com- 
pounds are known to the writer. 

The purpose of the experiments re- 
ported here was to determine the growth 
responses of three species of lilies to stor- 
age in vapors of the methyl ester of 
naphthaleneacetic acid. 


Material and methods 
Fifteen hundred bulbs each of Easter 
lily, var. Estate (Lilium longiflorum var. 
Estate), Easter lily, var. Croft (L. longi- 


florum var. Croft), and Regal lily (L. 


regale) were supplied by the George J. 
Ball Company of West Chicago, Illinois. 
The bulbs are hereafter referred to as 
Estate, Croft, or Regal, respectively. 
All bulbs were grown in Oregon. The 
Estate and Croft lilies were dug in late 
August and early September, 1947, and 
held in common storage until October 6, 
1947, when they were shipped to West 
Chicago, Illinois, ina refrigerator car iced 
at 4o° F. In West Chicago they were 
stored at 32°-34° F. until delivery to the 
University of Chicago. The Regal lilies 
were dug in September but had no cold- 
storage treatment before delivery to the 
University. The Estate and Croft bulbs 
were delivered in healthy condition to 
the University of Chicago greenhouse on 
November 12, 1947, and the Regal on 
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November 18, 1947. The bulbs of Estate 
were 17.8-20.4 cm. in circumference, 
their moisture content was 65.5%, and 
the average fresh weight per bulb 64.1 
gm. The Croft bulbs were 22.9-25.4 cm. 
in circumference, their moisture content 
62.5%, and average fresh weight per 
bulb 142.7 gm. The bulbs of Regal lily 
were 17.8-20.4 cm. in circumference, 
their moisture content 74.3%, and aver- 
age fresh weight per bulb 1o1.4 gm. All 
bulbs were stored at 34° F. until the ex- 
periments were begun. 

Methyl ester of naphthaleneacetic 
acid (MENA) was obtained from the 
Dow Chemical Company. Lots of 100, 
10.0, or 1.0 gm. were dissolved in sepa- 
rate 2-liter amounts of acetone, and each 
solution was sprayed on a different 
5-pound amount of shredded newspaper 
with a DeVilbiss spray gun at 15 pounds 
pressure. The paper was continually 
mixed by hand during the spraying to in- 
sure uniform application. One batch 
sprayed with acetone only was used for 
packing the control bulbs. All paper 
was allowed to dry thoroughly before 
use. 

Wooden boxes 103 inches deep and 113 
inches in inside width and length—a vol- 
ume of 0.804 cu. ft.—were used for stor- 
age. They were lined with heavy water- 
proof paper to minimize loss of water 
vapor and volatile growth-regulator. 
After a 3-inch layer of moist peat moss 
was placed on the bottom of the box, 
shredded newspaper from one of the 
5-pound amounts was uniformly placed 
over the peat moss. Sixteen bulbs of 
Croft lily, twenty-five of Estate, or 
twenty-five of Regal were then placed in 
one layer upon the paper. The bulbs were 
covered with the treated shredded paper, 
and a 34-inch layer of peat moss was add- 
ed. This procedure was repeated until 
the desired number of bulbs was packed. 
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The heavy lining paper was then folded 
over the bulbs and sealed with cellulose 
tape. 

Fifty bulbs of Croft, one hundred of 
Estate, or seventy-five of Regal were 
usually packed in each box. Each filled 
box contained 0.25 pound of the shredded 
paper. The bulbs were thus treated at a 
rate of 0.0, 0.062, 0.62, or 6.2 gm. of 
MENA per cubic foot of storage space. 

After packing, the bulbs were stored 
at 34° F. or 50° F. until planting time. 
A cold room supplied with a fan was used 
for the lower temperature, and incubator 
ovens for the higher. In all cases the tem- 
perature fluctuated only 1 or 2 degrees 
during the storage period. 

After storage for the desired time, the 
bulbs were planted in 6-inch, unglazed 
clay pots so that the top of the bulb was 
about 2 inches below the soil surface. 
The potting compost was a mixture of 
two parts of a loam soil to one part leaf 
mold, with a pH value of 6.9. The pots 
were placed on a greenhouse bench, and 
those of each treatment were randomized 
into three replicate plots. The plants 
were watered sufficiently to promote 
normal greenhouse growth. Some bulbs 
of Regal lily were planted out of doors in 
rows in a garden at a depth of 6 inches. 


Experimentation 


EXPERIMENT I. STORAGE OF CROFT 
AND EstaTE AT 34° F. 


The purpose was to determine the ef- 
fect of storing the bulbs in vapors of 
MENA upon later growth and develop- 
ment of the plants. On November 16, 
1947, 1200 bulbs each of Croft and Estate 
were packed and then stored at 34° I’. 
One-fourth of the total number of each 
served as controls, one-fourth was ex- 
posed to 0.062 gm. of MENA per cubic 
foot of storage space, one-fourth to 0.62 
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gm. per cubic foot, and the remainder to 
6.2 gm. per cubic foot. They were exam- 
ined weekly during storage. On January 
9, 1948, after 54 days of treatment, one- 
third of the bulbs of Estate and Croft of 
each treatment were planted in pots and 
placed in the greenhouse. On February 
15, after gt days of treatment, another 
one-third of the bulbs were planted, and 
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the first 3 weeks of June, it seldom ex- 
ceeded 85° F. The maximum daily tem- 
peratures during the laxt week of June 
and all of July usually exceeded 100° F. 

CROFT LILIES, FIRST PLANTING.—At 
planting time, January 9, the bulbs were 
turgid and healthy. No differentiation of 
flower primordia and only slight root de- 
velopment had occurred. 


TABLE 1 


DATA ON CROFT LILIES GROWN FROM BULBS PREVIOUSLY STORED IN VAPORS OF 
METHYL ESTER OF NAPHTHALENEACETIC ACID (MENA). VALUES, 
EXCEPT EMERGENCE, ARE AVERAGES OF PLANTS AT HARVEST 


| 


Storage Gm. of Percentage 


Biead period in MENA of Height * 
; MENA per emer cm.) 

days) cu. ft gence*T 
First fe) 0.0 90.4 21.9 
54 0.002 95.1 20.9 
54 0.02 55.9 Ig.4 
54 6.2 57.2 17.8 
Second fe) 0.0 | oO.1 29.3 
g! 0.062 98.7 ry 
gli 0.02 44.0 27-5 
gl 0.2 0.0 20.1 
Third ° 0.0 72.2 34.1 
129 0.002 72.4 34.1 
129 0.62 80.6 31.3 
129 0.2 2.2 19.7 

Based on seventy-two plants 


t Emergence counts taken 32, 


in all treatments were about roo‘ 


t Based on thirty plants 


on March 24, after 129 days of storage, 
the third and last planting was made. 
At planting times the moisture per- 
centage of control bulbs was determined, 
and observations were made frequently 
during growth. The plants were har- 
vested when most control plants were in 
full bloom, and data were taken as shown 
in the tables. At harvest the bulbs and 
roots were washed off with 
facilitate observations. 


water to 


The temperature of the greenhouse 
averaged 60° I’. during January, Febru- 
ary, and March. During April, May, and 


»4, and 27 days after planting 


Dry weight | 


of tops | No. of No. of No. of | Wt. of 
per plantt leavest flowers* | bulbletst | bulbletst 

gm.) ! 
9.4 65.6 3.8 2.3 | 1.8 
g:1 65.6 3.6 | en | 0.8 
8.6 62.2 | 3.3 $.¢ 3.0 
6.0 54.5 2.3 | 8.8 2 
8.2 54-7 2.0 5.4 20.7 
11.2 57.2 2.9 3.3 12.1 
8.90 54.6 | 2.4 | 8.2 39.1 
3-9 30.1 | 1.5 5.0 34-7 
7-4 50.0 2.4 4.1 9.9 
5.7 49.9 | 6 3-7 §.2 
8.3 50.1 | 2.3 7.1 16.6 
2.0 39.1 1.3 0.7 13.3 

1 


for first, second, and third plantings, respectively. Final emergences 


Emergence counts made on February 
9, 32 days after planting and before all 
plants had emerged, showed that growth 
from bulbs previously stored in 6.2 gm. 
of MENA per cubic foot was much re- 
tarded (table 1). The average heights— 
measured as the distance between the 
soil surface and the tips of the leaves or 
stem—of control plants and of those from 
bulbs stored in 0.062, 0.62, and 6.2 gm. 
of MENA per cubic foot were 10.2, 7.7, 
7.7, and o.4 cm., respectively. Bulbs 
from the 6.2-gm. treatment had no 
visible roots, but those of other treat- 
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ments and controls had produced them 
from the lower three nodes of the stems 
and from the bases of the bulbs. The first 
three nodes of the stem were below the 
soil surface. 

Final observations and _ harvesting 
were accomplished on April 24, 107 days 
after planting, when most of the control 
plants were profusely flowering. Plants 
from bulbs previously stored in 6.2 gm. 
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Many bulblets about 0.6 cm. in diam- 
eter were found below the soil surface on 
stems grown from bulbs previously 
treated with 6.2 or 0.62 gm. of MENA 
per cubic foot (table 1). The average 
weight of bulblets on plants from the 
0.062-gm. treatment was less than that 
of the controls. 

The root systems of plants from the 
o.62-gm. treatment were more extensive 


TABLE 2 


PERCENTAGES OF FLOWERS OF CROFT LILY IN DIFFERENT STAGES OF DE- 
VELOPMENT AT HARVEST TIME, 107, 97, AND 96 DAYS AFTER PLANTING 
FOR FIRST, SECOND, AND THIRD PLANTINGS, RESPECTIVELY. PLANTS 
GROWN FROM BULBS STORED IN DIFFERENT CONCENTRATIONS OF METH- 
YL ESTER OF NAPHTHALENEACETIC ACID (MENA). AT LEAST 82 PLANTS 


PER TREATMENT 














| STORAGE 
| PERIOD GM. oF |_ 
PLANTING | IN MENA | 
| **_T | | 
MENA | , 
| MENA PER fatbaa 
} (DAYS) | CU. FT. 
| a! | ° 0.0 35.8 
| 
| ee 0.062 20.7 
54 0.62 60.7 
54 6.2 68.3 
Second.... ° 0.0 70.7 
gI 0.062 16.5 
gl 0.62 38.2 
gI 6.2 38.1 
DOUG. . 5. ° 0.0 45.6 
| 129 0.062 10.6 
| 129 0.62 aaa 4 
| 129 6.2 8.3 














STAGE 
Buds | Fe ti 
— Prime | Anthesis und 
opening withered 
9.8 | 11.6 | 34.6 8.2 
6.2 2.3 | 746.6 24.3 
9.9 8.4 | 16.5 4-5 
10.8 6.3 | 14.6 0.0 
6.7 oO 4 7.0 2.6 
0.2 a2 30.4 31.6 
2.2 30°70 | 33:5 6.3 
2.2 '2.3 36.3 rt.t 
| 
| 8.9 11.4 | aa.o |) 213 
6:3 4.4 27.6 | 51.1 
| 0.2 17.0 | 26.8 24.3 
| 12.5 4.1 | 33-3 | 41.8 





of the growth-regulator per cubic foot 
were much stunted and those from the 
0.62-gm. treatment slightly so (table 1). 
These plants produced fewer leaves than 
the controls. 

lowering occurred earliest in plants 
grown from bulbs previously stored in 
0.062 gm. of MENA per cubic foot (ta- 
ble 2). At harvest time many of these 
flowers were in anthesis or had already 
withered. In the other lots treated with 
MENA over half the flowers were still in 
the bud stage. 


than those of any other treatrrent. Most 
of these roots arose from the stem and 
not from the bulb. The root systems of 
control plants and of plants from the 
0.062-gm. treatment were similar to, al- 
though less extensive than, those of 
plants from the o.62-gm. treatment. 
Plants from bulbs previously exposed to 
the highest concentration of MENA 
showed no roots at the base of the bulb. 

CROFT LILIES, SECOND PLANTING.—-At 
planting time, February 15, all bulbs 
were turgid and apparently healthy. Dis- 
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section showed that stem elongation had 
occurred only in the treated bulbs. Stems 
in bulbs treated with 0.062 or 0.62 gm. 
of MENA per cubic foot were about 0.5 
cm. long, and those in the 6.2-gm. treat- 
ment were 2.3 cm. long. The boxes con- 
taining the latter bulbs were very moist. 

Emergence counts were made on 
March 9, 24 days after planting but be- 


IB 
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from the 0.062-gm. treatment was strik- 
ing (fig. 14). Those from the 0.62-gm. 
treatment showed some stimulation, but 
those from the 6.2-gm. treatment were 
retarded. The average heights of con- 
trol plants and of plants from bulbs pre- 
viously treated with 0.062, 0.62, or 6.2 
gm. of MENA per cubic foot were 17.7, 
22.9, 20.4, Or 15.3 cm., respectively. 


KG. 1.—( Left to right). Croft lilies from bulbs previously stored for 91 days in 0.0,0.062,0.62, or 6.2 gm. of 
MENA per cubic foot. A, 59; B, 91 days after planting. Note that plants from bulbs treated with 0.062 gm. 
of MENA per cubic foot are much larger than the others, including controls. 


fore all plants had emerged (table 1). Per- 
centage emergence and heights showed 
that 0.062 gm. of MENA per cubic foot 
had stimulated growth and that 6.2 gm. 
inhibited it. Control plants and plants 
from bulbs previously treated with 0.062, 
0.62, or 6.2 gm. of MENA per cubic foot 
were 0.6, 5.1, 1.9, or o cm. in height, re- 
spectively, when heights of emerged 
plants only were used. 

By April 8 the increased size of plants 


Plants from the 0.062-gm. treatment 
were taller and bushier, and some flower 
buds had appeared. Many plants from 
the 0.62-gm. treatment had formed some 
flower buds, but bud development in 
control plants was retarded. 

Final observations were made and 
harvesting done on May 21, 97 days 
after planting (table 1, fig. 1B). Plants 
from bulbs previously treated with 0.62 
gm. of MENA per cubic foot were larger, 
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but those from the 6.2-gm. treatment 
were smaller, than the controls. Dry 
weight of tops and numbers of flowers 
and leaves per plant were greatest in 
plants from bulbs treated with the low- 
est concentration of MENA. Plants from 
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produced larger flowers than the control 
plants (table 3, fig. 2). Flowers were 
measured on overcast days, the time 
these “‘stimulated”’ flowers were the larg- 
est. On hot, sunny days the “stimulated” 
flowers evidently shrunk but did not 


TABLE 3 


SIZE OF FLOWERS OF CROFT LILIES FROM BULBS PREVIOUSLY STORED 
IN DIFFERENT CONCENTRATIONS OF METHYL ESTER OF NAPHTHA- 
LENEACETIC ACID (MENA). MEASUREMENTS MADE 97 AND 96 
DAYS AFTER PLANTING FROM SECOND AND THIRD PLANTINGS, RE- 
SPECTIVELY. EACH FIGURE IS AVERAGE OF SEVENTY-TWO MEAS- 


UREMENTS 
Storage Gm. of 
Planting period in MENA 
es MENA per 
(days) cu. ft. 
Second... .| ° 0.0 
| gI 0.062 
gI 0.62 
gI 60.2 
(WC ° c.0 
129 0.002 
129 0.62 
129 0.2 





Fic. 2.—Croft lilies. (Right) grown from bulb 
stored in 0.062 gm. of MENA per cubic foot for 91 
days. (Left) control. Photograph taken 97 days after 
planting. Note greater size of flower produced from 
treated bulb. 


bulbs previously treated with 0.062, 0.62, 
or 6.2 gm. of MENA per cubic foot 
flowered 2 weeks earlier than controls 
(table 2). Plants from bulbs treated with 
0.062 or 0.62 gm. of the growth-regulator 


Length Width Length 
(cm.) (cm.) X width 
18.8 3.5 243.8 
19.7 14.0 277.0 
19.5 13.4 261.3 
& | 6 12.1 213.0 
18.2 13.6 247-5 
Ig.I 14.5 270.9 
18.7 13.5 252.4 
15.1 10.5 158.5 


wilt. Microscopic examination indicated 
that the epidermal cells of petals of 
“stimulated” flowers were larger than 
those of control flowers. Flower size was 
determined by measuring the length and 
width of the flowers; the former being the 
distance between the base of the flower 
and tip of a petal when the petal was 
straightened out, the latter the distance 
between the outside of one sepal to the 
outside of the opposite petal as measured 
with calipers. The greatest number and 
weight of bulblets were produced on 
plants from the 0.62-gm. or 6.2-gm. 
treatment (fig. 3A). 

After the tops were cut off for dry- 
weight measurements, many of the 
plants were kept for further observation. 
By July 1, 40 days after the tops were 
cut off, at least 40% of the bulblets on 
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1949] ACKER 
plants from the 6.2-gm. treatment had 
produced stems and leaves (fig. 3B). 
Similar sprouting failed to occur in other 
treatments. 

CROFT LILIES, THIRD PLANTING.—At 
planting time all bulbs except those 
treated with 6.2 gm. of MENA per cubic 
foot appeared dormant. The latter usual- 
ly had stems protruding from their tips, 
and their outer scales were rotting and 
many had fallen off. The moisture con- 
tent of the bulbs in all lots was about the 
same as at the beginning of storage. 
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tration of MENA averaged 3.9 cm. long 
and had dead tips. 

Emergence counts were made on 
April 19, 27 days after planting (table 1). 
At this time the average heights for con- 
trols and for plants from bulbs stored in 
0.062, 0.62, and 6.2 gm. of growth-regu- 
lator per cubic foot were 10.2, 7.7, 7-7, 
and 2.6 cm., respectively. The plants 
were harvested on June 27, 96 days after 
planting, when the controls were flower- 
ing (table 1). The results were similar to 
those of the second planting, although 





FIG. 3. 


Bulbs of Croft lily. A, roo days after planting. Before planting, bulbs were stored for 91 days in 


left to right) 0.0, 0.062, 0.62, and 6.2 gm. of MENA per cubic foot. Note that greatest number and size of 
bulblets were produced on bulbs previously stored with 0.62 or 6.2 gm. of growth-regulator per cubic foot 
B, 137 days after planting and 40 days after blooming and cutting off of tops. Bulb stored in 6.2 gm. of 


MENA per cubic foot. Note sprouting of bulblets. 


Dissection showed that the stem axis 
of controls had not elongated in storage. 
Stems of bulbs from the 0.062- and 0.62- 
gm. lots were 0.5 cm. long; those from 
the 6.2-gm. lot were 3 cm. in length. Con- 
trol bulbs had formed no roots, but roots 
had grown from the scale axis of all 
treated bulbs. There were from nine to 
fifteen roots 1.3-15.3 cm. long on bulbs 
treated with the lowest concentration of 
MENA. Bulbs treated with 0.62 gm. of 
MENA per cubic foot had roots aver- 
aging 3.9 cm. long. These root tips were 
swollen and sometimes blackened. Roots 
on bulbs treated with the high concen- 


less pronounced. Plants from bulbs treat- 
ed with the low and medium concentra- 
tions of MENA produced greater dry 
weight of shoots than controls, while 
those from bulbs treated with the high 
concentration were much stunted. Plants 
from the 0.062- and 0.62-gm. lots flow- 
ered earlier and were larger than the con- 
trols (tables 2, 3). The greatest weight 
of bulblets produced by the portion of 
the stem in the soil was found on plants 
from the 0.62-gm. treatment. 

Growth in the third planting was 
much more irregular than in the second. 
This irregularity was probably associ- 
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ated with the prolonged storage period 
undergone by these bulbs. 

ESTATE LILIES, FIRST PLANTING.—At 
planting time, January 9, all bulbs were 
dormant. Growth of plants from bulbs 
stored in 0.62 or 6.2 gm. of growth-regu- 
lator per cubic foot was much retarded. 
For example, on February 9, 32 days 
after planting, the average heights of 
controls and of plants from the 0.062-, 
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moisture content of the bulbs was about 
the same as at the beginning of storage. 

Emergence counts made on March 25, 
4o days after planting, demonstrated 
that the 6.2-gm. treatment retarded 
growth while the lowest rate slightly 
stimulated it. Average height of controls 
and of plants from the 0.062-, 0.62-, and 
6.2-gm. lots were 10.2, 13.4, 10.0, and 
5.1 cm., respectively. 


TABLE 4 


DATA ON ESTATE LILIES GROWN FROM BULBS PREVIOUSLY STORED IN VA 
PORS OF METHYL ESTER OF NAPHTHALENEACETIC ACID (MENA). VAL 
UES, EXCEPT EMERGENCE, ARE AVERAGES OF PLANTS AT HARVEST 


Storage Gm. of | Percent Dry 
Planti period in MENA age of Height* weight No. of No. of 
anting “AT f 
MENA per emer- em.) of topst leavest | flowers* 
(days) cu. ft. | gence*] (gm.) 
First. . ° 0.0 60.3 25.9 7-4 65.6 2.4 
54 0.062 60.0 24.7 7.2 65.2 2.5 
54 0.62 13.1 2352 Ae 607.4 2.6 
54 0.2 20.7 25.8 3.4 49.1 1.4 
Second.... ° 0.0 25 a1 7.8 63.4 2.4 
QI 0.002 86. 2 40.9 8.1 62.9 2.8 
gl °o 62 75.1 30.8 7.6 65.1 33 
gl 6.2 ee 22.6 3.0 41.0 0.8 
Third fe) 0.0 ney 45.7 Rae. 59.1 1.9 
129 0.062 79.8 43-7 EX 58.3 2.2 
129 0.62 71.0 42.0 6.9 60.0 1.6 
129 6.2 30.2 20.8 2.3 i ee 0.6 
* Based on seventy-two plants. 
t Emergence counts taken 32, 40, and 27 days after planting for first, second, and third plant 


ings, respectively. Final emergences in all treatments were about 1oo"%. 


t Based on thirty plants. 


0.62-, and 6.2-gm. lots were 6.4, 3.2, 0.3, 
and 0.3 cm., respectively. 

The plants were harvested on May 21, 
134 days after planting. Those from 
bulbs previously treated with the high 
concentration of MENA were stunted, 
and no significant stimulation was ap- 
parent in any treatment (table 4). 

ESTATE LILIES, SECOND PLANTING.— 
At the second planting, February 15, the 
bulbs were turgid, but the stem axes of 
bulbs of all treatments, including con- 
trols, had elongated about 0.2 cm. The 


Although the average height of con- 
trol plants was 20.4 cm. by April 109, 
their flower buds were not visible. The 
average height of plants from the 0.062- 
gm. treatment was 25.4 cm., and many 
flower buds had appeared. Some buds 
were 1.9 cm. long. Plants from bulbs pre- 
viously treated with the intermediate 
concentration of growth-regulator were 
about the same size as the controls, but 
those from the 6.2-gm. lot were only 15.3 
cm. tall and had no visible flower buds. 

‘inal observations were made on June 
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18, 125 days after planting (table 4). 
Plants from the o0.062-gm. treatment 
were the tallest, heaviest, and produced 
the most flowers per plant. Plants from 
the 0.62-gm. lot were the same size as 
controls, but those treated with 6.2 gm. 
were much stunted. Plants from bulbs 
treated with the low, medium, and high 
concentrations of MENA bloomed 10 
days to 2 weeks before the control plants 
(table 5). 
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Growth of plants receiving the same 
treatment was very irregular. This prob- 
ably resulted from the small size of the 
bulbs, the long storage period, and the 
high temperatures prevailing during the 
latter part of June. Even under the suit- 
able temperatures for growth of the first 
and second plantings, development was 
often irregular. 

The plants were harvested on July 1, 
100 days after planting (table 4). In gen- 


TABLE 5 
PERCENTAGE OF FLOWERS OF ESTATE LILY IN DIFFERENT STAGES OF DE- 
VELOPMENT AT HARVEST TIME, 134, 125, AND 100 DAYS AFTER PLANTING 
FOR FIRST, SECOND, AND THIRD PLANTINGS, RESPECTIVELY. PLANTS 
GROWN FROM BULBS STORED IN DIFFERENT CONCENTRATIONS OF METH 


YL ESTER OF NAPHTHALENEACETIC ACID (MENA) 





STORAGE 


“ Ga. or | 
| MENA 
PLANTING IN 
. PER 
MENA CU. FT In bud 
DAYS 
First fo) 0.0 48.4 
54 0.002 30-5 
} 0.62 41.4 
54 0.2 52.7 
Second ° 0.90 40.0 
gl 0.062 10.3 
9! 06.62 | 18.0 
gl | 6.2 14.8 
Third ° °.0 GE. 7 
129 0.002 15.0 
129 0.62 | 16.2 
129 6.2 <3 
ESTATE LILIES, THIRD PLANTING. 


When the turgid bulbs were planted on 


March 24, the stem axes of control 
plants had not elongated. The stem axes 
of bulbs stored in 0.062, 0.62, and 6.2 
gm. of MENA per cubic foot were o.4, 
3.0, and 3.3 cm. in length, respectively. 

Emergence counts were made on 
April 19, 27 days after planting (table 4). 
At this time the average height of plants 
from the 6.2-gm. treatment was only 1.3 
cm., but plants from the 0.062- and 0.62- 
gm. treatments had the same height as 


controls—about 7.7 cm. 





STAGE 
Buds , ._ | Fading « 
Sree Prime Anthesis a 
opening withered 
6.2 | 6.1 25-5 |. deo 
- | « Q 
4.9 | 2.9 | 25.9, | 35.6 
6.1 | 2.3 19.5 | 30.7 
i. 3.5 0.0 | 25.4 
7.3 18.0 216.9 | 9.2 
20 | 16:2 | 38:4 30.4 
3-1 15-5 30.7 28.7 
3.5 31.0 21.8 28.9 
7-5 17-3 25.7 7.8 
2.1 15.9 34.5 31.0 
ze RZ,'4 42.3 20.2 
2.3 20.1 30.0 23.9 


eral, plants of all treatments appeared 
similar, except that those from the 6.2- 
gm. treatment were much stunted. 
Plants from all treated bulbs flowered 
earlier than controls (table 5). 


EXPERIMENT II. 
BULBS FROM VAPORS OF 


REMOVAL OF REGAL 
MENA at 
VARIOUS INTERVALS BEFORE PLANTING 
The purpose was to study the effects 
of exposure of bulbs of Regal to MENA 
for different lengths of time upon the 
subsequent growth of the plants. On 
November 19, goo bulbs were packed 
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into four groups of boxes to be exposed to 
0.0, 0.062, 0.62, or 6.2 gm. of MENA per 
cubic foot at 34° F. On March 5, 1948, 
one-third of the bulbs of each treatment 
were repacked. The bulbs were removed 
from the containing shredded 
newspaper, packed with vermiculite in 
other boxes, and then returned to cold 
Thus, there was no MENA 
vapor in the newly packed boxes except 


boxes 


storage. 
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packed on March 5. The outer scales of 
many bulbs exposed to the highest con- 
centration of growth-regulator were rot- 
ting and readily fell off. No bulbs had 
leaves protruding from their tips. 
Five-sixths of the control bulbs re- 
packed on April 15 were still dormant, 
but the remainder of the controls had 
leaves 0.15-0.6 cm. in length protruding 
from their tips. About one-fourth of the 


TABLE 6 


DATA ON REGAL LILIES GROWN 
OF NAPHTHALENEACETI( 
LENGTHS OF TIME 


Length of 


FROM BULBS REMOVED FROM METHYL ESTER 
* ACID (MENA) VAPORS AT DIFFERENT 
. BEFORE PLANTING IN GARDEN 


Percentage 


Storage time bulbs Gm. of eens Fresh 
3 ss IOS pmergence . ‘res 2 
time in removed MENA wary } “< | Height* to +” No. of 
~ aT ° eT 12 days weigh . 

MENA from MENA per it ? (cm.) : ) flowers* 

° é - 4 (gm. 

(days) before ma. it. pie rs 

lieiiies planting 

ar omer 0.0 86.1 53-4 35-4 2.0 
108 49 0.062 03.3 57-9 41.5 2.3 
108 49 0.62 84.7 60.2 36.6 Pee | 
108 49 6.2 25.0 a7 58 20.3 a 
: 0.0 87.2 53.6 34.7 2°S§ 
149 8 0.062 86.9 54.6 34.4 2.0 
149 8 0.62 85.8 50.7 38.8 2.0 
149 8 6.2 18.5 30.8 16.2 236 
0.0 85.9 52.6 34.2 3:3 
156 I 0.062 88.3 53-9 40.4 a8 
156 I 0.62 89.6 57-4 2.4 2.9 
156 I 6.2 16.8 30.5 15.3 0.9 


* Based on sixty plants. 


that amount which the bulbs had ab- 
sorbed during their previous storage. A 
second one-third lot from each treatment 
was similarly repacked on April 15, and 
on April 22 all bulbs were planted in the 
garden. The three lots had been removed 
from the vapors of MENA 49 days, 
8 days, or o days before planting and, 
therefore, had been exposed to the 
growth-regulator for 108, 149, or 156 
days. 

The controls and bulbs treated with 
0.062 or 0.62 gm. of MENA per cubic 
foot were dormant and firm when re- 


bulbs stored in the 0.062- or 0.62-gm. 
concentrations had leaves 0.6—3.9 cm. in 
length protruding from their tips. Bulbs 
stored in the highest concentration of 
growth-regulator were shriveled, and the 
outer bulb scales were dried up even 
though nearly all these bulbs had leaves 
which protruded from 1.3 to 7.7 cm. 
These shoots showed some curvature and 
crinkling of leaves caused by the growth- 
regulator. 

Observations on growth were made as 
in experiment I. The temperature was 
relatively low during April and May but 
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during the latter part of June was usually 
high. 

Emergence counts of plants from bulbs 
repacked on March 5 and planted on 
April 22 were made 12 days after plant- 
ing (table 6). At this time the average 
heights of plants from the 6.2-gm. treat- 
ment was 8.3 cm.; plants of control and 
other treatments averaged 25.4 cm. 
‘inal observations on July 10 showed 
that plants from the 6.2-gm. treatment 
were much stunted (table 6). Their root 
systems were greatly thickened; the in- 
dividual roots were often forty times as 
thick as those of controls (fig. 4). Roots 
of plants from the 0.62-gm. treatment 
were sometimes three times as thick as 
those of controls. 

Plants from bulbs stored in MENA for 
156 days grew similarly to those stored in 
the growth-regulator for 149 days. These 
plants from the 6.2-gm. treatment were 
stunted. The retardation of growth from 
the latter bulbs was greater than that 
from bulbs similarly treated but stored 
in MENA for only 108 days. 


IXPERIMENT III. STORAGE OF REGAL, 
CroFt, AND Estate at 50° F’. 


The purpose was to study the effects 
of exposing bulbs to vapors of MENA at 
50 I’. upon subsequent development of 
bulbs and growth of plants. One objec- 
tive was to inhibit sprouting of bulbs at 
so I. When bulbs are stored at room 
te. nperature or even in common storage, 
the stems often grow. Bulbs which have 
sprouted do not grow vigorously when 
planted. 

On November 18, 1947, four wooden 
boxes were filled with bulbs of Croft, 
four with Estate, and four with Regal. 
Each box contained fifty bulbs of Estate 
or Croft, or seventy-five of Regal. Boxes 
contained 0.0, 0.062, 0.62, or 6.2 gm. of 
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MENA per cubic foot, and each treat- 
ment consisted of one box of bulbs. 

After packing, the boxes were immedi- 
ately placed in the 34° F. cold-storage 
room, and on January 5 all boxes were 
moved to the 50° F. chambers. 

REGAL LILIES.—On February 3, 30 
days after the bulbs were moved to the 
50° chambers, dissection showed that the 
stem axes in all treatments were from 2 
to 2.5 cm. in length. 





l'tc. 4.—Regal lilies. (Upper) grown from bulbs 
previously stored for 149 days in (/eft to right) 0.0, 
0.062, 0.62, and 6.2 gm. of MENA per cubic foot. 
Note that plants from bulbs previously treated with 
lowest concentration of MENA have the most ex- 
tensive root systems and that plants treated with 
highest concentrations have greatly thickened roots. 
Lower) close-up of detached roots of plants from 
6.2-gm. treatment. Photographs taken 81 days after 
planting. 








The bulbs were planted in soil in pots 
in the greenhouse on March 3, after 59 
days of storage at 50° F’. Some bulbs in all 
treatments sprouted so that leaf and 


stem tips protruded from 5.1 to 7.7 cm. 


from the tips of the bulbs (figs. 5A, 6). 
The control bulbs and those from the 
0.062-gm. treatment were turgid and had 
produced several roots from 2.6 to 10.2 
cm. long. Roots from bulbs treated with 





FIG 5 
age at 34° F 


Bulbs of Regal lily after 48 days cf stor 
and 59 days of storage at 50° F’. A, up 


per row of bulbs are controls and lower have been 
treated at 6.2 gm. of MENA per cubic foot. Note 
root excrescences, narrow and rolled leaves, and 


stem curvature in plants from treated bulbs. B, 209 
days after planting from bulbs stored in (left to 
right) 0.0,0.062,0.62,and 6.2 gm. of MENA per cubic 
foot. Note that increased root production in plants 
previously treated with growth-regulator is especial 
ly evident in 6.2-gm. treatment. 
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the intermediate concentration of 
MENA were usually only 1.3 cm. long 
but were two or three times as thick as 
those of controls. Bulbs stored in the 
highest concentration of growth-regu- 
lator were soft, and many of their shoots 


were beginning to rot, especially in a 
2.6-cm. segment of stem just above the 
bulb. There were many round excrescences 
cm. in length on the lower 


from 1 to 3 





Fic. 6.—Bulb of Regal lily after 48 days of stor- 
age at 34° F. and 59 days of storage at 50° I’. in 6.2 
gm. of MENA per cubic foot. Note root primordia, 
narrow leaves, and lack of roots from base of bulb 


portion of the stems. The stems were yel- 
lowish and usually one and a half times 
as thick as stems of the controls (fig. 5A ). 
Some stem tips were rotting. The leaf 
tips of the plants treated with the high- 
est concentration were crinkly, wavy, 
and often rolled inward. These leaves 
were only half as broad as those of the 
controls. Rooting was inhibited, although 
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some bulbs treated with the highest con- 
centration of growth-regulator had two 
to four roots protruding about 1.3 cm. 
The inside of the boxes containing 6.2 
gm. of MENA per cubic foot was moist. 
On April 8, plants from bulbs pre- 
viously treated with 6.2 gm. of growth- 
regulator per cubic foot had an average 
height of 33.1 cm. Average height of con- 
trol plants and of those of other treat- 
ments was 43.2 cn. Controls were root- 
ing both from the base of the bulb and 
from the lower portion of the stem above 
the bulb (fig. 58). Plants from bulbs 
treated with the lowest concentration of 
growth-regulator produced more roots 
than controls. Many roots growing from 
the base of the bulbs from the 0.62-gm. 
treatment were greatly thickened; no 
roots grew from the base of bulbs from 
the 6.2-gm. treatment, but rooting from 
the stem portion immediately above the 
tip of the bulbs was greatly stimulated. 
I‘inal observations were made on June 
18, 108 days after planting, when con- 
trols were 61.1 cm. in height and flower 
ing. Plants from the 0.062- and 0.62-gm. 
treatments were similar to controls, but 
those from the 6.2-gm. treatment were 
severely stunted, being only 38.6 cm. 
high. About 70% of these latter plants 
failed to flower. Fresh weights of tops per 
plant for plants previously treated with 
0.0, 0.062, 0.62, or 6.2 gm. of growth- 
regulator per cubic foot averaged 47.2, 
50.1, 49.4, or 28.4 gm., respectively. 
Crort Lities..-The Croft lilies were 
planted on March 24, when the stems in 
all treatments protruded above the tips 
of the bulbs. Final 
made on July 2, ror days after planting, 
when the average heights for plants pre- 
viously treated with 0.0, 0.062, 0.62, or 
6.2 gm. of MENA per cubic foot were 
38.4, 38.1, 37.4, or 17.2 cm., respectively. 
In no instance had stimulation occurred. 


observations were 
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ESTATE LILIES.—The Estate lilies were 
planted on March 24, when the tips of 
the stems were just emerging from the 
bulbs. Final observations were made on 
July 12, 111 days after planting. Growth 
of plants was similar to that of Croft and 
Regal. The highest concentration of 
MENA retarded growth, but the two 
lower concentrations had little 
effect on over-all growth. 


or no 


Discussion 


Croft and Estate lilies from bulbs pre- 
viously stored in 0.062 or 0.62 gm. of 
MENA per cubic foot of storage space at 
a temperature of 34 IF. consistently 
emerged from the soil earlier and came 
into bloom about 2 weeks before the con- 
trols. This is in agreement with results of 
several other investigators using various 
plants. SWARTLEY and CHADWICK (11) 
treated naphthaleneacetic 
acid and certain other growth-regulators 
and reported an increase in percentage of 
germination. They also showed that 
treatment of seecs of Chrysanthemum 
coccineum and Dianthus allwoodii result- 


with 


seecs 


ed in significant increases in subsequent 
growth. It was pointed out by MARTH 
(7) that concentrations of MENA less 
than o.1 gm. per 1000 cubic feet resulted 
in acceleration of sprouting of rose 
bushes. ALLARD ef al. (1) found that ger- 
mination and seedling development of 
species such as sorghum, peas, and navy 
beans appeared to be stimulated when 
treated with 
growth-regulators. 

VAN OVERBEEK (12) was able to in- 
duce flowering in Cabezona pineapple 
plants by treating the crown of the plant 
with naphthaleneacetic acid. CLARK and 
KERNS (2) pointed out that aqueous solu- 
tions of naphthaleneacetic acid sprayed 
on the foliage of pineapple plants result- 
ed in flowering 2 months earlier than con 


low concentrations of 
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trols, and MuRNEEK et al. (g) reported 
that snap beans matured 5 or 6 days 
earlier as a result of spraying with 
naphthaleneacetamide. 

In the experiment reported here rela- 
tively high concentrations of the growth- 
regulator were used. The amount of com- 
pound which actually came in contact 
with the sensitive growing point may 
have been very small, since the latter 
was tightly inclosed by the fleshy scales 
of the bulbs. The concentration of the 
growth-regulator in the air was unknown. 
Perhaps the compound diffused very 
slowly from the shredded paper, so that 
there was only a low concentration pres- 
ent at any given time. The use of airtight 
containers containing only vapors of the 
growth-regulator would afford more ac- 
curate information regarding the actual 
concentration present. 

In the experiments with the Regal lily 
the highest concentration of MENA 
stimulated sprouting during storage 
more than any other treatment. When 
the leaves and stems protruded and were 
no longer protected by the bulb scales, 
they were severely injured and the sub- 
sequent growth greatly inhibited. Bulbs 
of Croft and Estate lilies stored in the 
two lower concentrations of MENA 
usually produced plants that were much 
larger than controls. This greater size 
was particularly striking during the 
earlier growth stages, but it often persist- 
ed through flowering. In some cases, how- 
ever, the control plants appeared to be as 
large as the “stimulated” plants at time 
of flowering. In all experiments a pro- 
nounced effect of MENA was the stimu- 
lation of root development. All lilies used 
in this experiment produce many ad- 
ventitious roots from the stems which 
perform the normal functions of uptake 
of water and mineral nutrients. Since a 
much more extensive root system was 
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often formed by the treated plants, it is 
possible that this accounts in part for the 
larger plants and flowers produced in 
some of the treatments. The effects of 
MENA on the growth of a plant such as 
tulip would be of great interest, for here 
the early development of an extensive 
root system is necessary for the produc- 
tion of a satisfactory crop. 

Since it is widely known that growth- 
regulators affect the carbohydrate me- 
tabolism of plants, it is possible that 
MENA may have affected the carbo- 
hydrate metabolism of the bulb in such a 
manner that stimulation of the young 
growing shoots resulted. This would ac- 
count for earlier emergence of shoots 
through the soil and also the subsequent 
earliness of flowering. 

After control plants of Croft lilies were 
harvested, the bulbs apparently went 
into a rest period, because no new stems 
appeared. Bulbs from plants which had 
originally been treated with the highest 
concentration of MENA produced many 
bulblets which began to sprout soon after 
harvest time. The growth-regulator evi- 
dently prevented or broke the normal 
rest period. 


Summary 


1. Bulbs of Easter lily, var. Estate, 
Easter lily, var. Croft, and Regal lily 
were packed in wooden boxes with shred- 
ded newspaper previously treated with 
the methyl ester of naphthaleneacetic 
acid (MENA) to provide concentrations 
of 0.0, 0.062, 0.62, or 6.2 gm. of growth- 
regulator per cubic foot of storage space. 
The boxes were then stored at 34° F. or, 
in some cases, later transferred to 50° I’. 
Observations were made during storage 
and later after the bulbs were planted in 
the greenhouse or garden. At flowering 
time dry weight of tops, height, blooming 
time, size and number of flowers per 
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plant, and weight of bulblets were usual- 
ly obtained. 

2. In one experiment Croft and Estate 
bulbs were stored at 34° F. One-third of 
each type of bulb was planted in the 
greenhouse 54 days later; another one- 
third after 91 days; and the remainder 
129 days after storing. Plants from bulbs 
treated with the two lower concentra- 
tions of MENA flowered 2 weeks earlier 
than controls at all plantings. Plants 
from bulbs treated with 0.062 or 0.62 gm. 
of MENA per cubic foot in the second 
and third plantings produced greater dry 
weight of shoots and larger flowers than 
the controls. In all Croft plantings a 
greater number of bulblets was _pro- 
duced on the plants previously treated 
with 0.62 or 6.2 gm. of the growth- 
regulator. 

3. In a second experiment, Regal 
bulbs were stored in MENA at 34° F. for 
108, 149, or 156 days, but they were all 
planted at the same time in the garden. 
Plants of all treatments grew at about 
the same rate, except that those from 
bulbs previously treated with the high- 
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est rate of MENA were stunted. The 
longer period of time bulbs were exposed 
to the highest rate of growth-regulator, 
the greater was the stunting. The two 
lower treatments of MENA greatly stim- 
ulated root production. The highest rate 
of MENA resulted in the production of 
many roots, but these were fasciated and 
greatly thickened and tumor-like. 

4. In a third experiment, Estate, 
Croft, and Regal lily bulbs were stored in 
MENA for 48 days at 34° F. and for 59 
days at 50°F. Bulbs of all treatments 
sprouted within 30 days after transfer to 
the higher temperature. The growth of 
all plants was about the same, except 
that those which received the highest 
concentration of growth-regulator were 
severely stunted. 


The writer wishes to thank Drs. E. J. 
Kraus, J. M. BEAL, and R. J. WEAVER 
for their interest, suggestions, and guid- 
ance given during the course of the in- 
vestigation. 

Camp DEtRICK 
FREDERICK, MARYLAND 
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A FURTHER STUDY ON THE NONUTILIZATION OF RUBBER 
AS A FOOD RESERVE BY GUAYULE 


H. M. BENEDICT' 


Introduction 

TRAUB (g), in investigating the utili- 
zation of rubber hydrocarbon as a food 
reserve (as reported by SPENCE and Mc- 
CaLLum|8]), showed that even under 
conditions of severe carbohydrate starva- 
tion there was no decrease in weight of 
rubber per plant and therefore concluded 
that rubber did not serve as a food re- 
serve for the guayule plant (Parthenium 
argentatum A. Gray). 

In various reports of the Emergency 
Rubber Project (5, 7) and the Special 
Guayule Research Project data have 
shown small reductions, bordering on 
significance, in the weight of rubber per 
plant. These reported losses usually oc- 
curred during that season of the year, 
February through June, when guayule 
plants were growing very actively follow- 
ing the winter dormant period. The 
losses reported by SPENCE and McCat- 
LuM (8) also occurred during May. 

Recent experiments (1) have shown 
that, even in the greenhouse, results ob- 
tained by a certain treatment at one 
time of the year may not be obtained at 
another season. For instance, plants 
grown under conditions of high moisture 
stress during November to March 
showed no increase in rubber percentage 
over those grown in low moisture stress, 
yet from March to November high 
moisture stress had resulted in an in- 
crease in rubber percentage. It also has 
been shown (2) that under greenhouse 


‘Formerly physiologist, U.S. Natural Rubber 
Research Station, U.S.D.A., Salinas, California. 


conditions guayule plants grow much 
more rapidly in the spring and summer 
months than in the fall and winter 
months. TRAvB (9g) has pointed out the 
importance of determining whether rub- 
ber can serve as a food reserve. Because 
his carefully controlled and detailed ex- 
periments were carried out only during 
the fall and winter months, it seemed de- 
sirable to repeat the experiments during 
the spring months, with the idea that a 
greater demand for food reserves might 
be produced at that season and that some 
utilization of the rubber hydrocarbon 
might occur. 


Material and methods 


Seed were sown on February 7, 1949. 
The plants were grown under optimum 
moisture, temperature, and nutrient con- 
ditions until September, 1947, and were 
then hardened off under high soil mois- 
ture stress for about 4 months. On Janu- 
ary 20, 1948, these plants were dug, and 
500 of a total of 2500 were selected for 
uniformity of height, root length, and 
stem diameter. The tops were cut back 
to 4 inches above the ground line, and all 
the leaves and shoots were removed. 
This reduced the stem to a single stalk 
4 inches long and made it easier later to 
distinguish new stem growth from the 
original. Care was taken to wash the 
soil away from the roots at the time of 
digging to minimize breakage. 

One hundred of these plants were se- 
lected at random and placed in replicates 
of ten plants each, and their dry weights, 
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carbohydrates, resin, and rubber con- 
tent of the stems and roots were deter- 
mined. Thus, an accurate idea was ob- 
tained as to the condition of the plants 
at the start of the experiment. 

The remaining 400 plants were plant- 
ed in gravel in 3-gallon crocks, watered 
with Hoagland’s (4) complete nutrient 
solution, and grown until June 1, 1948. 
Half of them were allowed to develop 
normally, but the other half were kept 
continually defoliated in order to prevent 
as completely as possible the manufac- 
ture of any new food. In defoliating, the 
new shoots were allowed to elongate, but 
the developing leaves were removed as 
soon as their early period of rapid expan- 
sion was over or when they were about 
13 inches long. The dry weight of the re- 
moved leaves was always determined. 

By the harvest date some plants had 
iailed to grow at all; others had sent out 
shoots considerably below the top of the 
original stem, and this stem part above 
the new shoots was dry and dead; 
still others had put out new roots only 
very close to the crown, and the old root 
portion below the new roots was dead 
and often rotten. Because this death of 
some of the original tissues during the 
growth period might lead to false conclu- 
sions, it was necessary to select plants at 
the end of the experiment which could be 
compared with those at its start. All the 
plants in which some of the original root 
tissue had died were discarded. The re- 
mainder of the cefoliated plants were 
separated into two groups: (a) those in 
which the new shoots arose within } inch 
of the top of the original stem and (0d) 
those in which the new shoots started 
lower down (never more than an inch) on 
the stem, leaving a dead stub above. Of 
the undefoliated plants only those in 
which the new shoot arose within $ inch 
of the top of the original stem were saved. 
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After this selection fifty plants of each 
type were available for analysis. These 
were placed at random into ten replica- 
tions of five plants each. 

In preparation for analysis the plants 
were separated into leaves, new stems 
developed during the period of the ex- 
periment, the original stems, and the 
roots. Great care was taken to gather all 
the roots from the gravel in which the 
plants had been growing. No attempt 
was made to separate the new roots from 
the original roots in the defoliated plants 
because of the very small number of new 
roots formed. This root separation was 
made, however, on the plants that were 
allowed to develop normally. 

Dry weights were determined by dry- 
ing the plants to constant weight at 
65° C. in a ventilated dryer. Rubber and 
resin contents were determined by the 
method cescribed by TRAuB (10). The 
carbohydrates, consisting of free sugars, 
levulins, inulin, and pentosans, were de- 
termined by the methods of TRAUB and 
SLATTERY (11) and McRary and Start- 
TERY (6). Statistical comparison was 
made by the analysis of variance of 
FIsHER as described in Hayes and Im- 
MER (3). 

Results 


The data are presented under four 
treatments as follows: 

t. Original plants, stems or roots. 

2. Plants kept defoliated from January 20 to 
June 1, and in which new shoots emerged 
within % inch of the top of the original stem. 

3. Same as 2 except that the new shoots started 
lower down on the original stem. 

4. Plants allowed to develop without defoliating 
from January 20 to June t. 


Repeated defoliation throughout the 
experiment reduced the dry weight of 
the original stems by 41% and of the 
original roots by 38%. When the plants 
were not defoliated, the stems increased 
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in dry weight by 74% and the roots by 
254%. At the close of the experiment the 
total dry weight of nondefoliated plants 
was about seven times that of the origi- 
nal plants and about six and one-half 
times that of the defoliated plants of 
treatment 2. The dry weights of the roots 
of the plants in the two defoliation treat- 
ments did not differ significantly from 
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each other, but the plants of treatment 2 
produced more new stem and leaf growth 
than did those of treatment 3, and at the 
same time their original stems under- 
went a significantly greater reduction in 
dry weight (table 1). 

The percentage contents of the various 
compounds in the original stems and 
roots at the beginning and end of the ex- 


TABLE 1 
DRY WEIGHTS (GM. PER PLANT) OF GUAYULE PLANTS BEFORE AND AFTER BEING 
GROWN IN FOLIATED OR DEFOLIATED CONDITION 


New leaves 
Treatment and stems 
1. Original plants... 
2. Grown defoliated*.... 


0.715 
3. Grown defoliated*... 0.665 
4. Grown foliated... 4.282 
Least sig. diff. P<o.05..... 0.043 


Original Original New 
stems roots roots 
0.713 0.671 

0.420 0.415 

0.485 0.450 vis 
1.240 2.374 | 1.802 
0.050 0.045 


* Treatments 2 and 3 were identical except that in treatment 2 the new shoots originated within § inch of top of 


stem, while in treatment 3 they originated lower down. 


Py 


TABLE 2 
PERCENTAGE CONTENT OF VARIOUS COMPOUNDS OF GUAYULE PLANTS BEFORE 
AND AFTER BEING GROWN IN DEFOLIATED OR FOLIATED CONDITION 


TREATMENT NO, 


Resins Rubber 
| 
1. Original plants......... 4.54 As63 
2. Grown defoliated*......| 3.06 8.07 
3. Grown defoliated*...... a9 7.65 
4. Grown foliated..... |. gxBe 6.27 
Least sig. diff. P<o.05... 0.36 1.29 
| | | 
| 
1. Original plants........ Cap es: 5.00 | 
2. Grown defoliated*...... 2.34 8.00 
3. Grown defoliated*..... 2.42 7.89 
4. Grown foliated....... 4.06 SO7 
Least sig. diff. P<o.05.. 0.31 1.30 


| 


PERCENTAGE CONTENT OF 


Sugars Levulins Inulins Pentosans 
Original stems 
0.45 Lo; 72 43 rat 17 15.30 
29 0.24 O5 G.O5 < .O1 18. 33 
27 0.25 O4 0.04+ .01 18.33 
50 ee 40 0. 20+ .05 18.92 
0.07 t 0.72 
Original Roots 
0.34 f2. 42.34 1.39+.16 14.86 
24 0.18+ .03 0.05 < .O1 13.70 
25 0.14% .03 0.10+ .02 14.99 
62 5.07 32 0.33. .03 14.04 
0.00 + 0.02 


* For difference between treatments 2 and 3 see footnote, table 1 


+t Not determinable as variances were not homogeneous. Plus and minus values represent standard error of the mean 
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periment are shown in table 2. The im- 
portant features of the experiment, how- 
ever, have to do with the weights of the 
various compounds rather than with 
their percentages in the defoliated plants 
at the beginning and end of the experi- 
ment. The weights have been plotted for 
the carbohydrates in figure 1 and for the 
dry weights, resin, and rubber content in 
figure 2. 

The sugars, which are present only in 
low amounts in any case, were reduced 
slightly by defoliating the plants. The 
levulins and inulin, which make up the 
principal reserve carbohydrates, were re- 
duced in weight by 99% and 08%, re- 
spectively, in both the original roots and 
the tops in the defoliated plants. On the 
same bases 30% of the pentosans were 
lost from the tops and 43% from the 
roots of the defoliated plants of treat- 
ment 2, but not quite so much from the 
tops and roots of treatment 3. 

The original stems and roots lost 60% 
and 72%, respectively, of their resin 
when kept defoliated. The loss in the 
stems in treatment 3 was slightly but sig- 
nificantly less than in treatment 2. No 
loss in rubber per plant occurred in 
either the original roots or the stems of 
any of the defoliated plants, nor was 
there any significant increase. 

For plants that were not repeatedly 
defoliated, it can be calculated from the 
data in tables 1 and 2 that the weight per 
plant of each of the determined constitu- 
ents increased markedly except the inulin 
in the roots and stems and the levulins in 
the stems. The rubber increased from 
65.9 to 212.4 mg. per plant in the original 
stems and roots in this treatment. 


Discussion 


In this experiment the original stems 
and roots lost as much as 41 and 38% of 


their dry weights on being repeatedly de- 
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foliated as compared with 25% and 18%, 
respectively, in the experiment of TRAUB 
(9); but, in spite of the greater exhaus- 
tion of reserves, no loss of rubber on a 
grams-per-plant basis occurred. These 
results thus support the conclusion that 
the rubber hydrocarbon does not serve 
the guayule plant as a food reserve. They 
also indicate that the small losses of rub- 
ber reported by others in the spring of 
the year are the results of sampling errors 
or perhaps of some systematic error that 
occurs when the plants are harvested 
during that time of the year. For exam- 
ple, it was suggested that, because of the 
much wetter and softer soil at the begin- 
ning of the period of rapid growth, more 
of the roots of higher rubber content were 
harvested than at its end; and, as only 
the total weights of the plants were de- 
termined by these workers, this loss of 
root material from the last sampling was 
hidden by the over-all growth of the tops. 
Thus, the two groups of plants could not 
be compared validly to show changes in 
weights of rubber. 

The almost complete exhaustion of the 
levulins and inulin, coupled with that of 
the other constituents determined, ac- 
counts for approximately 70% of the loss 
in dry weight of the original stems and 
roots after defoliation. The pentosans de- 
termined included both the water-soluble 
and water-insoluble types; this accounts 
for the differences in the percentages and 
total amounts present in these plants and 
in those of TRAUB (9). Determinations 
of the hemicellulose and cellulose content 
might have accounted for the remaining 
30% of the loss in the dry weight, but 
there was not sufficient plant material for 
these analyses. 

The results suggest that the resins 
may serve as a food reserve, for as much 
as 75% on a gram-per-plant basis was 
lost after defoliation. It should be point- 
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I'1G. 1.—Weight of carbohydrates in original stems and roots of guayule plants at the start of experiment 
treatment 1) and after being grown with repeated defoliation for some months (treatments 2 and 3 
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Fic. 2.—Mean dry weight, weight of resin, and weight of rubber per plant of stems and roots of guayule 
plants at start of experiment (treatment 1) and after being grown with repeated defoliation for some months 


treatments 2 and 3). Difference required for significance between all three means is represented by length of 
bar between treatments 2 and 3. 
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ed out that the resins include all acetone- 
soluble compounds, and hence many 
types of materials, and that some of 
these slowly volatilize. It may be that at 
least some of this resin loss was due to 
such volatilization without any replace- 
ment rather than to utilization of the 
resins as a food reserve. 

The fact that the resins greatly in- 
creased in the original tissues of the foli- 
ated plants further points out the degree 
of exhaustion of the reserves that existed 
in the repeatedly defoliated plants. 

TRAUB (g) showed a loss of resin in the 
fall of the year in both foliated and re- 
peatedly defoliated plants, plus an in- 
crease in rubber hydrocarbon that, at 
least in the case of the roots, exactly com- 
pensated for the resin loss. In the present 
experiments in the spring of the year the 
foliated plants showed increases in rub- 
ber and resin, while the repeatedly de- 
foliated plants showed a decrease in 
resin but no such increase in rubber con- 
tent as TRAUB found. This is the only 
way in which the results of the two ex- 
periments show marked differences; this 
may be related to the effects of some 
characteristic of the season on the plants 
or to the nature of the plants at the start 
of the experiment. Thus, the plants used 
in this experiment were 11 months old 
and had gone through one growing sea- 
son in the greenhouse, while those used 
by TRAUB were 16 months old and had 
gone through two growing seasons out 
side. 

When the new shoots started some dis- 
tance below the top of the original stem, 
their weight was not so great as that of 
new shoots that arose from the very tip 
of the original stem; in the former plants 
the reduction in dry weight of the origi- 
nal stem on repeated defoliation was also 
less. This suggests that perhaps the new 
shoots were not able to utilize some of 
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the reserves above as readily as they did 
those below their point of origin. Aside 
from these responses the repeatedly de- 
foliated plants of treatments 2 and 3 did 
not differ from each other; and in neither 
treatment was there any utilization of 
rubber. 

The effect of continued defoliation in 
greatly increasing the rubber percentage 
and in decreasing the actual amount as 
well as percentage of resins suggests that 
field defoliation prior to harvesting ma- 
tured shrubs might be one method of 
conditioning the shrub to reduce both 
the milling cost and the amount of resin 
and acetone- and benzene-insolubles in 
the crude rubber obtained. This would be 
particularly true of the regrowth of pol- 
larded plants in which the proportion of 
readily hydrolyzable compounds is much 
greater than in the older parts of the 
shrub. 


Summary 


1. Guayule plants were exhausted of 
their food reserves during the spring 
season of the year by repeated defolia- 
tion from January 20 to June 1. The 
weights per plant of free sugars, levulin, 
inulin, pentosans, resins, and rubber 
were determined in original stem and 
root sections at the beginning and end 
of the defoliating period, and the results 
were compared with those obtained by 
TRAUB (g)-in a similar experiment car- 
ried out in the fall and winter months, 
the middle of October to the middle of 
January. 

2. Although the food reserves (sugars, 
levulins, inulin, and pentosans) were very 
severely depleted as a result of the de- 
foliation, from 38 to 40% of the dry 
weight of the original stems and roots be- 
ing lost, no loss of rubber hydrocarbon 
occurred in these tissues. 

3. It is concluded that rubber does not 
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serve as a food reserve and that the losses 
of rubber on a weight-per-plant basis re- 
ported as occurring during the spring of 
the year when new growth is taking 
place very rapidly are probably the re- 
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~] 
sult of sampling error or of some system- 
atic error in harvesting that occurs at 
that season of the year. 
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RELATIONSHIP OF BLUE AND ORANGE FLOWER-COLOR 
TYPES IN NEMESIA STRUMOSA 


HERBERT PARKES RILEY 


Introduction 

The effect of the simultaneous pres- 
ence of anthocyanins and anthoxanthins 
(flavones and flavonols) on flower color 
has been known for some time. In one of 
the earlier papers in his brilliant series 
of flower-color studies, LAWRENCE (3) 
showed that Dahlia flowers containing 
both deep anthocyanin and yellow fla- 
vone pigments are scarlet but that those 
with ivory flavone and the deep antho- 
cyanin are magenta. Flowers with a paler 
anthocyanin and the yellow flavone are 
apricot, and those with pale anthocyanin 
and the ivory flavone are pale magenta. 
This color relationship is confirmed by 
mosaic flowers in which the anthocyanin 


is present in flecks and streaks. When the 
flavone ground color is ivory, the streaks 
and flecks are magenta, but, when the 
background is yellow, they are orange- 
scarlet. These color differences are strik- 
ingly illustrated in plate IX of a subse- 
quent paper of LAWRENCE (4). 
LAWRENCE and PRICE (6) have point- 
ed out that, when a yellow anthoxanthin 
and an anthocyanin occur together, the 
resultant color is a blend of these two. 
Such a mixture would account for the 
apricot-scarlet tones in Dahlia. Ivory an- 
thoxanthin, however, acts as a co-pig- 
ment with the anthocyanin, forming 
weak additive complexes that are much 
bluer than the anthocyanin alone. These 
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were described by ROBINSON and ROBIN- 
SON (13) and LAWRENCE (5). LAWRENCE 
and Scort-MONCRIEFF (7) showed that 
in Dahlia the ivory flavone acts as a 
strong co-pigment in flowers pigmented 
with cyanin, making the cyanin bluer, 
but that its action on pelargonin is con- 
siderably weaker. With the light antho- 
cyanin pigmentation the ivory flavone 
produced a bluish-magenta color, but the 
flowers which lacked any flavone were 
rosy-magenta. With the deep anthocya- 
nin, flowers with the ivory flavone were 
reddish-blue, but those with no flavone 
were bluish-red. The yellow flavone has 
no co-pigment action on either anthocy- 
anin. A more complete account is found 
in BLANK’s (1) review of the field of an- 
thocyanin pigments of plants. 

The writer (10) has found similar re- 
sults in Nemesia strumosa. The flavone 
ground color may be orange or ‘‘ white,” 
and there may also be anthocyanin pig- 
mentation covering the inner part of the 
corolla limb (11). The ‘‘white” type is 
not a true white in the sense of lacking 
flavones, for it turns yellow in ammonia. 
It probably corresponds, therefore, to 
LAWRENCE’s ivory and thus acts as a co- 
pigment. It has been called ‘“‘white,”’ 
however, because it appears white pheno- 
typically; it resembles figure 1 rather 
than figure 2 of LAWRENCE’s plate XII 
(3). The anthocyanin in combination 
with the orange flavone results in a corol- 
la which is Carmine, Bordeaux, Ox-blood 
Red (8), or some other reddish color, but 
in combination with the ‘‘white” back- 
ground it produces a flower which is 
Pomegranate Purple, Amaranth Purple, 
Tyrian Rose, or some other color on the 
bluish side. 

Another interesting type that was 
found in the writer’s early material was 
the blue-margin flower (9). More recent- 
ly, a self-blue has also been obtained. 
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These blue types are entirely different 
from the “colored” type, and, because of 
the interaction of the anthocyanin pig- 
mentation with the orange and white 
types, it seemed of interest to study this 
blue type in combination with both 
orange and white. 

The source of these plants has been de- 
scribed (10). It is questionable whether 
the self-blue form sold as NV. strumosa 
sultoni really belongs to that species, be- 
cause the flowers were rather small and 
were spurred. NV. strumosa has a short, 
broad, slightly bifoveolate pouch rather 
than a spur, although most of the other 
species bear a spur (2). Because the blue, 
spurred type crossed readily with typical 
N. strumosa, the species question was 
ignored. 


Observations 


BLUE-MARGIN.—The blue-margin type 
resembles the white-flowered type which 
the writer (10) has designated as the 
standard, except for some blue coloration 
on the upper lip of the corolla and on the 
lower lip at the sides of the throat and for 
the presence of less orange pigmentation 
in the lower part of the tube. The extent 
of the pigmentation on the upper lip 
varies according to other genes which are 
present. In cc 00 plants which have the 
eyebrow gene (12) the blue color appears 
to be restricted to a margin 1 or 2 mm. 
wide which extends around the edges of 
the upper lips (fig. 1). In cc 00 plants 
which are homozygous for the recessive 
non-eyebrow gene the blue appears to 
cover all the upper lips and to extend 
down over the few thin lines which re- 
place the heavy eyebrow in ee plants (fig. 
2). The blue color on both lips may vary 
somewhat but generally is close to Chic- 
ory Blue, Lavender-Violet, Mauve, or 
Manganese Violet of RrpGway (8). 

When a blue-margin flower is exposed 
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to fumes of ammonia, the blue color 
turns somewhat more blue and some- 
times greenish. In nitric acid the blue 
turns reddish, and in sulfur dioxide it is 
almost all bleached out. 

In the pedigrees derived from the orig- 
inal lot of seeds the lower part of the tube 
of all blue-margin plants was straw color 
to white instead of orange as in all other 
types. If the eyebrow gene was present, 
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cally the bicolor type described previous- 
ly by the writer (11). In both the upper 
lip is deep purple, and the lower lip is 
paler and nearer a rose type. The upper 
lip of the purple-blue-margin type is 
more unevenly colored, appearing usual- 
ly as small irregular patches of dark pur- 
plish-blue interspersed in the usual 
purple pigmentation. The tube of the 
purple-blue-margin type is straw or at 
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Diagrams of flowers of Nemesia strumosa. Each flower has been cut along both sides of tube 


FIGs. 1-3 


2 


3 


and then flattened out. Fig. 1, blue-margin with the dominant eyebrow. Fig. 2, blue-margin with the recessive 


non-eyebrow. Fig. 3, blue-margin reduced. In all figures the shaded area is blue 


the black or very dark purple dots on the 
inner part of the tube were nearer a red- 
dish-purple. In the pedigrees from the 
more recent lots of seeds, however, some 
of the blue-margin plants had two very 
small patches of yellow or orange on the 
lower part of the tube near the pouch, 
and in some plants there was a single and 
somewhat larger patch. In no blue-mar- 
gin plant was the tube so extensively 
orange as in the non-blue-margin types. 

Plants with the color gene C in addi- 
tion to blue-margin resemble phenotypi- 


most has only small orange areas, where- 
as that of the bicolor type is orange. The 
two types, however, are readily confused. 

Blue-margin appears to be recessive to 
white. Crosses between two blue-margin 
plants in four families gave 113 blue-mar- 
gin and o non-blue-margin. One family 
from a cross between a blue-margin and 
a white contained 67 white and o blue- 
margin. Nine /’, families segregated into 
220 non-blue-margin and 74 blue-margin. 
The recessive nature of blue-margin is 
confirmed by a few plants in which a 
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blue sectorial chimaera appeared on the 
upper lip of white-flowered plants in fam- 
ilies that were known to contain plants 
heterozygous for blue-margin. 

Each F, family listed above had one 
self-sterility allele common to the two 
parents. The close approximation to 3:1 
ratios indicates an absence of linkage be- 
tween the blue-margin and s genes. One 
family in which there was a self-sterility 
allele common to the two parents arose 
from a cross between a blue-margin fe- 
male and a white male and segregated 
into 28 non-blue-margin and 29 blue- 
margin. If there were linkage with the s 
genes, the ratio would not be expected to 
be so close to 1:1. The absence of linkage 
between blue-margin and _ self-sterility 
confirms the distinction between the 
blue-margin and bicolor phenotypes, for 
the bicolor gene is linked with the self- 
sterility alleles. 

Four families from a cross between a 
Cc and a cc plant, both of which were 
heterozygous for blue-margin, segregated 
into 82 colored non-blue-margin : 19 
colored blue-margin : 77 white : 23 blue- 
margin, and one backcross family segre- 
gated into a ratio of 15 : 14 : 13: I5. 
These crosses indicate that there is no 
linkage between C and the blue-margin 
gene. 

Two families from the original materi- 
al indicate that there is no linkage be- 
tween eyebrow and blue-margin, but the 
newer material was not tested because 
the distinction between eyebrow and 
non-eyebrow was not so clear cut in some 
of these plants. One family from a cross 
between a colored and a white each het- 
erozygous for blue-margin and eyebrow 
segregated into 13 colored : 3 colored 
blue-margin : 7 white eyebrow : 3 white 
non-eyebrow : 4 blue-margin eyebrow : 
o blue-margin non-eyebrow. The num- 
bers are small but suggest no linkage. A 
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cross between two whites heterozygous 
for both genes segregated into 51 white 
eyebrow : 10 white non-eyebrow : 27 
blue-margin eyebrow : 5 blue-margin 
non-eyebrow. Although this ratio is not 
good, it does not indicate any linkage. 

One family indicates that there might 
be linkage between blue-margin and the 
glass-green gene. The parents were a 
white and a glass green, and both were 
heterozygous for blue-margin. The fami- 
ly segregated into 39 white : 24 glass 
green : 1 blue-margin : 31 glass green, 
blue-margin. In the glass-green—blue- 
margin type the upper lip was like the 
usual blue-margin type, but the lower lip 
was glass green, not white. This ratio 
could have resulted from a cross between 
a heterozygote in the coupling phase and 
a recessive glass green heterozygous for 
blue-margin if there were about 4% 
crossing over. 

The relationship between blue-margin 
and orange is not clear. Of the original 
material, two families resulted from a 
cross between a blue-margin female and 
an orange male. These two families were 
related, for the orange male parent of one 
family was the paternal grandmother of 
the second. One of the families segregat- 
ed into 26 orange and 17 blue-margin and 
the second contained 9 orange and 12 
blue-margin plants. The relationship is 
summarized in table 1. Several explana- 
tions for this behavior are possible and 
will be discussed later in this paper. 

BLUE-MARGIN REDUCER.—Although 
the margin of blue color on most pheno- 
typically blue-margin plants is fairly uni- 
form, some plants have a margin that is 
broken or much reduced and very irregu- 
lar. The appearance of such plants in 
only a few families and only in ones that 
are genetically related suggests that the 
reduced condition of the margin is inher- 
ited and as a recessive. This character 
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(fig. 3) is difficult to score. In three fami- 
lies from apparently heterozygous par- 
ents the blue-margin-eyebrow plants 
segregated into 39 with normal margins 
and 4 with reduced margins. Two back- 
crosses gave 17 normal and 12 reduced. 
The reducer gene has no effect on non- 
eyebrow~blue-margin plants. The sym- 
bol of this gene shall be br. 

BLuE.—The blue type differs from 
blue-margin in that the blue color ex- 
tends over both lips of the corolla. The 
blue is RipGwAy’s Pale Blue-Violet, Pale 
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47 
cause the yellows were too difficult to 
identify. 

ALLELIC RELATIONSHIP.—The similar- 
ity in color between blue-margin and 
blue made it very desirable to test them 
together. Both are recessive to white and 
should produce white when crossed, un- 
less they are alleles. Unfortunately, no 
known homozygous blue-margin plant 
was available at the same time as blues. 
The earlier material contained no blues, 
and the later material contained only one 
blue-margin plant, and that was ob- 
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AND THE FAMILIES THAT 


GAVE RISE TO THEIR PARENTS. FOR GENE SYMBOLS SEE TEXT 
PHENOTYPES OF ¢ SPRING 
GENOTYPES OF 
HELLY PAREN 
PARENTS B 
Colored Orange Whit , 
larg. 
by» hb 
3112 301 2(11) X 301 2(8) CCO0 K CC00 re) ° 61 32 
> b> 
3103 3001(6) X 3001(22) ccOO X CcOoe 20 14 re) re) 
; be, bie b» 
3322 3112(g) X 3103(52) cco""o x ccOv ° 20 ) ; 
/ bm br bm .b» 
3222 3112(60) X 3112(3) cco" 0"™ XK cco?" o fe) oO > 11 
hy 
3224 3103(52) X 3103(1) ccO0" X ccOO ° 27 re) ° 
(a\¥v bm br 1,0 
3377 3222(7) X3224(2) ccoror™ XecOo ° 9 ° ‘2 


Violet Blue, or sometimes Pallid Violet 
Blue. The lower part of the tube is white 
with a small spot of orange near the rath- 
er long spur. 

Blue behaves as a simple recessive to 
white. A cross between a blue and a 
white resulted in the production of 11 
whites. Six families from crosses between 
various F, plants consisted of 80 whites 
and 26 blues, but the segregation was 
good in only four of the families. A back- 
cross between a blue and a white hetero- 
zygous for blue gave 11 white and g blue. 
When a blue was crossed with a yellow 
(vy), the F, was white, showing that the 
two genes were not alleles. Segregation in 
later generations was not studied, be- 


tained along with many plants with 
orange flowers from a_ seed _ packet 
marked ‘‘Orange.’’ When this blue-mar- 
gin plant was crossed with a blue, three 
blue-margin plants were obtained. Three 
later families also arose from a cross be- 
tween a blue and a blue-margin and con- 
tained 9 blue-margins and 8 blues. The 
fact that blue-margin and blue when 
crossed do not produce white indicates 
that they are alleles. Which, then, is 
dominant over the other? One family 
arose from a cross between two blue- 
margins heterozygous for blue and segre- 
gated into 15 blue-margin and 8 blue. 
When a white-flowered plant hetero- 
zygous for blue-margin was crossed with 
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a blue, the offspring segregated into 39 
white and 27 blue-margin, and there were 
no blue-flowered plants. When two 
whites were crossed, one of which was 
heterozygous for blue-margin and the 
other for blue, there were 51 whites and 
24 blue-margins and again no blues. 
These crosses indicate that there are at 
least three alleles. White is the top domi- 
nant, and blue-margin is dominant over 
blue but recessive to white. Further evi- 
dence that blue is recessive to blue-mar- 
gin is afforded by a heterozygous blue- 
margin plant that had a blue chimaera on 
the lower lip. 

As table 1 shows, two families from 
crosses between an orange and a blue- 
margin segregated into approximately 
equal numbers of orange and blue-mar- 
gin types and nothing else. There are 
several possible explanations for these 
results. Blue-margin and orange might be 
alleles, with the orange parents hetero- 
zygous. Blue-margin and orange might 
be on separate chromosomes, with orange 
epistatic and the orange parents homo- 
zygous for the blue-margin gene. The 
blue-margin and orange genes might be 
very closely linked and in the coupling 
phase. With the addition of the blue 
gene, it was hoped that some further evi- 
dence for the most probable explanation 
would be obtained. 

In two families an orange crossed with 
a blue-margin resulted in 10 orange 
plants, and in two other families a red 
(anthocyanin plus orange) and a blue- 
margin resulted in 33 red-flowered plants. 
Two families from a blue and an orange 
parent contained 22 orange plants. One 
family came from two red-flowered par- 
ents and segregated into 20 red : 9 
purple—-blue-margin : 9 orange : 2 blue- 
margin, which suggests that orange and 
blue-margin might be allelic. The parents 
of both the red-flowered parents were ¢ 
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red and a blue-margin. Five F, families 
from a cross between an orange and a 
blue consisted of 126 orange and 36 blue, 
indicating an allelic relationship between 
these two types. 

Figures 4 and 5 illustrate the principal 
families that show a relationship among 
these genes. Assume that the genes are on 
separate chromosomes with orange epi- 
static. For families 4713, 4716, 4717, 
4718, and 4719 to contain only orange 
and blue types, plants 4433 (1) and (7) 
and 4434 (1), (2), (3), and (4) would all 
have to be homozygous for the recessive 
blue gene. If 4394 (2) had a blue-margin 
gene, half the ofispring would be expect- 
ed to have a blue-margin gene, but none 
of these six plants did. On the other 
hand, if 4394 (2) is homozygous for blue, 
plant 4431 (1) would be heterozygous for 
blue, and in families 4712 and 4715 one- 
half of the non-orange offspring should be 
blue. This relationship is not conclusive, 
but the probabilities are against a two- 
factor scheme. 

Two other explanations are (a) that 
orange, white, blue-margin, and_ blue 
form a series of multiple alleles with 
dominance in that order and (6) that 
orange is at a separate locus from the 
blue-blue-margin locus, that all orange 
plants so far tested have the dominant 
non-blue, non-blue-margin gene coupled 
with the dominant orange, and that there 
is complete linkage between the orange 
and blue loci. The problem of deciding 
between these two hypotheses is the 
same as that faced in similar situations in 
other organisms. About the only way to 
decide is to look for cross-over types that 
would emerge from a cross between an 
orange plant heterozygous and in the 
coupling phase and a blue or blue-mar- 
gin. A non-orange, non-blue, non-blue- 
margin would be white and readily iden- 
tifiable. An orange-blue or orange-blue- 
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margin would probably represent a new 
phenotype not previously found but con- 
ceivably would be a blend of the orange 
flavone and the blue anthocyanin. In all 
the families studied no white-flowered 
plants and no new phenotypes that 
might be identified as the other cross- 
over type were found. In the absence of 
any conclusive evidence, the hypothesis 
of multiple alleles is tentatively adopted. 

The hypothesis of a series of four al- 
leles with orange dominant over the 


NEMESIA 


ul 
— 


that one by superscripts. Since the sym- 
bols O and o have already been published 
for orange and white, respectively (10), 
they might just as well be retained and 
the others be based on them. 

That the blue and orange genes do not 
combine to form a third phenotype is 
suggested by one plant of family 4764. 
As figure 4 indicates, the orange-flowered 
plants of this family were heterozygous 
for blue. On the lower lip of one flower of 
an orange-colored plant there was a wide 


TABLE 2 


CROSSES AMONG VARIOUS ORANGE, BLUE-MARGIN, AND BLUE PLANTS; GENOTYPES OI 
ARE EXPRESSED IN SYMBOLS BASED ON THEORY Of 


THE PARENTS 
MULTIPLE ALLELES. ONLY CROSSES 


IN WHICH ONE OR BOTH PARENTS ARE ORANGE ARE INCLUDED 


NUMBER 
OF 
( NOTYE F P\RENT 
FAMILIES 
CO 
r , bm bl 
cc OOX ce 0?"0" 2 
CC OOXce 080° 2 33 
bn : bn 
Ce Oo!" X Ce Oo” I 20 
h 7 bl] 
cc Oo?" X ce Oo? 3 
bn bl bl 
cc Oo! X ec ota? I 
bn 
Cc Oo XC OO I 20 
- } 
cc Ov? A CC Ce I 
bl bl 
cc OOX ce 00 2 
A) bh] 
cc Oo?‘ Xec Oo 5 
bl bl 
Ce Oo" XCe Oo 2 


other three, white dominant over the 
blue types, blue-margin dominant over 
blue, and blue recessive to the other three 
will explain satisfactorily all the families 
listed in figures 4 and 5. Various crosses 
involving orange are summarized in ta- 
ble 2, and these also are in accord with 
the hypothesis. Until there is evidence 
that the hypothesis of multiple alleles is 
not the correct explanation, the following 
symbols will be used: O for orange, o for 


bm l 


" for 
blue. These supersede the symbols of an 
earlier paper (9). Probably, according to 
the rules, the symbol for blue should 
form the basis of the system, and the 


other symbols should be built up from 


, . h 
white, o” for blue-margin, and 0 


OFFSPRING 
Chm C bl O hm bl 
10 2) ° 
° ° 

9 9 2 
107 30 Oo 
9 5 ° 
1d 0 0 15 .@) 
9 2 = 
22 .@ 
120 36 

15 12 


blue sector. This striking type was per- 
haps produced by the somatic nondis- 
junction of the chromosome bearing the 
orange gene. 

Two families gave a peculiar ratio of 
colored to noncolored. They are 4732 and 
4733 (fig. 5). One parent was a colored- 
blue type and the other was a white of 
unknown ancestry, designated 4458 (1) in 
the pedigree chart. The writer desired to 
cross some of the known types with a 
white, but apart from 4446 (4) no white- 
flowered plants of known ancestry were 
in good condition at the time. The white 
plant which was used was from one of the 
commercial seed packets and proved to 
be heterozygous for blue-margin. The 
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ratio of colored to white (10:59) in fami- 
lies 4732 and 4733 indicates that the 
white-flowered plant was heterozygous 
for an anthocyanin inhibitor. 


Summary 

1. Two flower-color types in Nemesia 
strumosa are blue-margin and blue. In 
blue-margin plants possessing the eye- 
brow gene, there is a band of pale blue 
color on the inside of the corolla limb 
around the margins of the lobes of the 
upper lips, and some blue color is present 
on the inside of the lower lip at the sides 
of the tube, frequently extending over 
the throat. In blue-margin plants homo- 
zygous for the allele of eyebrow, the blue 
color covers practically the entire surface 
of the inner part of the upper lip. In the 
blue type both lips are blue on the inner 
surface. In both types there is little or no 
orange pigmentation in the lower part 
of the tube. 

2. When combined with the color gene 


C, blue forms a more bluish-purple color 
that is often hard to identify, but blue- 
margin forms a type which is purple on 
the upper lip and a shade of rose on the 
lower. This type resembles the bicolor 
type but can usually be differentiated 
by the lesser amount of orange in the 
tube. 

3. Blue and blue-margin seem to form 
a series of multiple alleles with orange 
and white with orange the top dominant, 
white dominant to the blue types, blue- 
margin dominant to blue, and blue re- 
cessive to the other three types. The 
genes are designated, respectively, O, 0, 
o’”, and 0”. 

4. A recessive gene for blue-margin 
reducer, br, reduces the width of the 
margin in blue-margin, eyebrow plants. 
In some places the margin is broken. 

5. There is indication of the presence 
of a dominant gene that acts as an antho- 
cyanin inhibitor. 
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EFFECT OF SULFANILAMIDE ON MITOTIC DIVISION 
IN POLLEN GRAINS OF EPHEDRA’ 


P. N. MEHRA 


Introduction 

K1GstI (3) reported that ‘‘mitotic ir- 
regularities’’ were induced in the pollen 
tube of Tradescantia occidentalis in a very 
dilute sulfanilamide 
(1:10,000) and that higher concentra- 
tions inhibited pollen-tube formation. 
TRAUB (g) found that, when seeds and 
cuttings of 


concentration of 


bean (Phaseolus vulgaris) 


07 
0.5% 
plants were produced 


which showed many variations indica- 


were treated with a 
sulfanilamide, 


solution of 


tive of polyploidy, though he made no 
cytological confirmations. In the same 
paper he reported that exposure of the 
root tips of Allium to a 0.5% solution of 
the chemical led to the formation of cells 
with tetraploid constitution and some 
with two free nuclei, but he did not study 
the mechanism involved in the process. 
PETERS (8) tested the effect of a 0.5% 
aqueous solution of sulfanilamide on root 
tips of Allium cepa. He found that the 
cells already in metaphase or anaphase at 
the onset of the treatment with sulfanila- 
mide completed nuclear division but that 
in those at prophase the spindle was in- 
hibited and tetraploid nuclei were or- 
ganized. Often micronuclei were formed 
by reversion of different groups of 
This paper was apparently received in the 
editorial offices of the BorTANICAL GAZETTE in March 
or April, 1946, but, unfortunately, was incorrectly 
filed and did not come to the attention of the 
present editor until late in 1948. In the meantime 
papers by PrTers (8) and by FULLER (4) had 
appeared on the effect of sulfanilamide on mitosis 
in root tips of Allium cepa. Dr. MEHRA has there- 
fore revised his paper in order to make comparisons 


with their observations.—Ebp1Tor.] 


wn 
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chromosomes in some cells. He concluded 
that “sulfanilamide (0.5%), unlike col- 
chicine (0.1%), inhibits the entrance of 
cells into mitosis.” 

FULLER (4) tried the effect of various 
concentrations of sulfanilamide in aque- 
ous solution and of a 0.1% strength of 
five other sulfa- compounds (sulfadia- 
zine, sulfaguanidine, sulfamerazine, sul- 
fapyridine, and sulfathiazole) on mitosis 
in root tips of A. cepa. In all cases there 
was reduced mitotic activity and sup- 
pression in visible root elongation. In the 
case of sulfa- compounds other than sul- 
fanilamide normal mitosis was observed, 
and the spindle was never disrupted. 
This was ascribed to the low solubilities 
of the chemicals. In 0.5% sulfanilamide, 
even after 96 hours of treatment, a few 
cells exhibited a continuation of normal 
mitosis, although in most cases the inhi- 
bition of the spindle with resultant tetra- 
ploidy was seen. This concentration of 
the chemical brought about a marked 
shortening of the late prophase chroma- 
tids. The lower concentrations did not re- 
sult in collapse of the spindle. 

In the present investigation the effect 
of sulfanilamide has been tried on the mi- 
totic division of the body nucleus in the 
germinating pollen grains of four species 
of the genus Ephedra, viz., E. foliata 
Boiss., E. sinica Stapf, E. saxatilis Royle, 
and E. intermedia Schrenk and Meyer. 
The haploid chromosome number for £. 


foliata is seven; for the other three spe- 


cies, fourteen (7). The mature pollen 
grain in Ephedra contains a large tube 
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nucleus at one end, a body nucleus in the 
center of a body cell located in the middle 
of the grain, a much condensed stalk nu- 
cleus at the periphery of the body cell— 
usually on the end opposite to the tube 
nucleus—and remnants of two vegeta- 
tive cells. 

Under natural conditions the pollen 
grains fall on the mucilaginous secretion 
that oozes from the end of the micropylar 
tube in a ripe ovule. They are later car- 
ried into the micropylar canal and then 
into the pollen chamber, where they ger- 
minate. This secretion has been utilized 
artificially in bringing about the germi- 
nation of the pollen grains on glass slides 
kept in a moist chamber. The exine is 
ruptured after a short time, and the body 
nucleus undergoes mitotic division, ulti- 
mately organizing two male nuclei. The 
total period of division varies from 3 to 
8 hours, depending on the temperature. 
At ordinary room temperature in April 
the total period is about 3 hours, while 
earlier in the season it is relatively longer. 

The problem has been investigated 
from two aspects: (a) the direct immedi- 
ate effect of the chemical when applied at 
different phases of mitosis and (b) the al- 
teration in the mitotic cycle brought 
about when pollen is germinated in its 
presence. 

Observations 


EFFECT OF SULFANILAMIDE APPLIED AT 
DIFFERENT PHASES OF MITOSIS 

In these experiments the effect of only 
one concentration, 0.5%, was tried on 
the four species. The pollen grains were 
germinated on the normal natural secre- 
tion until the desired stages were real- 
ized, as verified from parallel control cul- 
tures started simultaneously and stained 
with acetic-iodine-green or acetocarmine 
for observation of the progress of mitosis. 
At the desired stage 1% sulfanilamide in 
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distilled water was thoroughly mixed in 
equal amount with the secretion con- 
taining the germinating grains, thereby 
bringing the sulfanilamide concentration 
of the mixture to 0.5%. Fixations were 
made after 5 and 15 minutes, this brief 
period being allowed for the chemical to 
effect its entry into the grains. Smears 
were prepared after fixing in Allen’s mod- 
ification P.F.B.15 of Bouin’s fixative, by 
the method already described (7). These 
were stained with Haidenhain’s iron- 
alum haematoxylin. 

The effect of the 0.5% concentration 
of sulfanilamide was exactly the same as 
that of colchicine already reported (6). 
The spindle immediately disappeared at 
all stages in the mitotic cycle, i.e., meta- 
phase, anaphase, or telophase. In the 
metaphase preparations of many grains 
fixed 5 minutes after application-of the 
chemical, the original position and orien- 
tation of the metaphase chromosomes 
was discerned, with their kinetochores in 
the same level, though the chromosomes 
were more or less loosened after the loss 
of the spindle mechanism. Soon, how- 
ever, this regular arrangement was lost, 
for in grains fixed 15 minutes after appli- 
cation of the chemical the diplochromo- 
somes were irregularly scattered in nu- 
merous ways within the boundary of the 
body cell. Similarly, in grains in ana- 
phase fixed 5 minutes after application of 
sulfanilamide, it was seen that, although 
the spindle had disappeared, in many 
grains the original anaphasic disposition 

the daughter chromosomes in two 
groups with the orientation of their kine- 
tochores toward the respective poles 
was retained for a short while. In the ab- 
sence of the spindle the members in each 
of the two groups were in a more or less 
loosened state. Soon this regular arrange- 
ment was lost, and the daughter chromo- 
somes became irregularly scattered, as 
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was evidenced in anaphase preparations 
fixed 15 minutes after application of the 
chemical. 

Evidently the primary effect of sulfa- 
nilamide is to bring about an immediate 
collapse of the spindle mechanism. Upon 
effecting entry, it seems to cause excita- 
tions in the cytoplasm, thereby disturb- 
ing the equilibrium of the latter and re- 
sulting in the collapse of the spindle. The 
irregular distribution of the metaphase 
and anaphase chromosomes is ascribed to 
continued excitations in the cytoplasm in 
which the chromosomes are dispersed 
after the collapse of the spindle. 

These observations are in contrast to 
those of PeTers, who found in the root 
tips of A. cepa treated for 3 hours in sul- 
fanilamide that the cells that were at 
metaphase or anaphase at the beginning 
of the treatment completed nuclear divi- 
sion but did not form a cell plate. 

When the chemical acts on cells in 
which nuclear division is at telophase, 
the spindle simply collapses, but two nu- 
clei are organized in the usual manner 
from the two telophasic groups of chro- 
mosomes. If the two nuclei are already or- 
ganized and the spindle is still present, 
the latter simply disappears, leaving the 
two free nuclei in the cytoplasm of the 
body cell. 

The presence of two free and equal 
nuclei in some cells of root tips exposed to 
sulfanilamide, as observed by TRAUB (9), 
may be due to the effect of the chemical 
in the cells at telophase. 


l,FFECT ON GRAINS GERMINATED IN 
SECRETION CONTAINING 
SULFANILAMIDE 

In these experiments the grains were 
germinated in the mucilaginous secretion 
to which sulfanilamide had been added. 
lixations were made at definite intervals, 
followed by smearing and staining. 
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Three concentrations of sulfanilamide 
were tested, 0.2%, 0.4%, and 0.5%. In 
making a particular test concentration, a 
certain quantity of natural secretion was 
thoroughly mixed with an equal quantity 
of sulfanilamide solution of appropriate 
strength in distilled water. 

A 0.2% concentration had absolutely 
no effect on the division mechanism of 
the body nucleus. All the successive 
stages from the prophase to the forma- 
tion of two male nuclei occurred in the 
normal manner. 

A 0.4% concentration was just at the 
critical level for obtaining a paralyzing 
effect on the spindle mechanism. Al- 
though in most of the grains mitosis pro- 
ceeded normally (figs. 1-4), in some cases 
a chromosome from one of the daughter 
groups lost its attachment to the spindle 
and was extruded (figs. 5, 6). 

A 0.5% strength of sulfanilamide was 
fully effective in bringing about the dis- 
turbance in the division mechanism of 
the body nucleus. 

During the course of normal mitosis, 
after the disappearance of the nuclear 
membrane at the end of the prophase, 
the as-yet-elongated diplochromosomes 
appear in a polarized state; their free 
arms point toward the stalk-nucleus end 
of the grain and their kinetochores are di- 
rected toward the opposite end, evident- 
ly retaining the position they occupied in 
the previous mitosis. They then become 
arranged on the equator of the spindle 
and in the meantime undergo contrac- 
tion, decreasing in length until the final 
metaphase stage, just before the separa- 
tion of the daughter chromosomes. 

In grains germinated in 0.5% sulfa- 
nilamide, the earlier stages, until the dis- 
appearance of the nuclear membrane at 
the close of the prophase, were the same 
as in normal mitosis. Since the spindle 
never developed, however, the elongated 
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diplochromosomes became dispersed in 
the cytoplasm of the body cell (figs. 7, 8, 
10, 17, 20). The chromosomes then be- 
came more or less straightened. Satellites 
and secondary constrictions were ob- 
served in the same fashion as in normal 
untreated preparations. Two sat-chro- 
mosomes may be seen in the complement 
of E. saxatilis in the grain shown in fig- 


Fics. 1-6.—Pollen grains of E. intermedia germinated in secretion containing 0.4% sulfanilamide. Figs. 
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ure 17. One of these is clearly visible at 
S, while the other is out of focus. Both 
are separately illustrated in figure 23. 
The primary constrictions stand out 
prominently as in material treated with 
colchicine (6). Chromosomes underwent 
contraction simultaneously by spiraliza- 
tion of the chromonemata of their con- 
stituent chromatids. This process was 





1~4, showing normal mitosis. Figs. 5, 6, showing one daughter chromosome extruded from spindle zone. 
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comparable to that which occurs in nor- 
mal mitosis in the course of the develop- 
ment of the full metaphase. In the mean- 
time the chromosomes were scattered in 
numerous ways. In some cases they be- 
came bunched in one or more groups or 
were far apart. In other cases only one 
metaphase widely 


chromosome was 
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Fics. 7-9. 
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Pollen grains of E. intermedia germinated in secretion containing 0.5°;¢ sulfanilamidce. 
diplochromosomes widely scattered after spindle inhibition. Fig. 8, same as fig. 7 
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and later extended to the region of the 
centromere. Each pair of daughter 
chromosomes for sometime laid parallel 
(fig. 18), but later this disposition was 
lost owing to excitation movements in 
the cytoplasm (figs. 9, 12, 13). In well- 
fixed preparations the spiralization of the 
chromatic elements of the daughter 


Fig. 7, 
but in diploid grain with 


twenty-eight diplochromosomes. Fig. 9, daughter chromosomes separated in diploid grain; in a few cases 


they are still close together. 


drifted, while all the rest formed a sepa- 
rate group (fig. 11). 

During the different stages of the con- 
traction process the daughter chromo- 
somes separated from each other. This 
separation occurred in many cases even 
when the chromosomes had not yet at- 
tained the size which they possess at full 
metaphase during the course of normal 
mitosis. It occurred first along the arms 


chromosomes may be clearly seen. As a ° 
rule the splitting of the daughter chro- 
mosomes necessarily occurred before their 
entrance into the resting stage, but there 
were a few exceptions. All the chromo- 
somes of the complement were observed 
to undergo splitting simultaneously. 
Since the contraction of the metaphase 
chromosomes and their splitting oc- 
curred in the absence of the spindle 
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KiGs. 10-15.—Pollen grains of E. sinica germinated in secretion containing 0.5°% sulfanilamice. Fig. 10, 
spindle inhibited, diplochromosomes widely scattered. Fig. 11, chromosomes grouped together after spindle 
inhibition except for one which has wandered away. Figs. 12, 13, daughter chromosomes separated. Fig. 14, 
single diploid restitution nucleus. Fig. 15, three nuclei organized from scattered chromosome groups. Cf 


ng. 21. 
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mechanism, it may be concluded that 
both of these processes are an inherent 
property of the chromosomes themselves 
and have nothing to do with the spindle 
mechanism. 

These events were followed by steps 
in the formation of nuclei. The number of 
nuclei organized was invariably depend- 
ent on the distribution of the daughter 
chromosomes within the space of the 
body cell. When the chromosomes were 
close together, as happened quite fre- 


10, 
¢ le 
14, 
Ct Fics. 16-20. 





quently, a single restitution nucleus was 
organized with a circular outline. Such 
nuclei were quite dense and possessed a 
definite membrane (figs. 14, 19). They 
were sharply marked off from the cyto- 
plasm. Since all chromosomes entered 
into their constitution, such nuclei were 
diploid. If the daughter chromosomes 
were somewhat scattered, a diploid resti- 
tution nucleus resulted which was rela- 
tively much larger in size. Also its form 


was not perfectly circular but was 


Pollen grains germinated in secretion containing 0.5%, sulfanilamide. Fig. 16, F. 


sinica, two nuclei organized from two groups of chromosomes and some chromosomes still lying as such. 
Cf. fig. 22. Figs. 17-19, E. saxatilis. Fig. 17, diplochromosomes scattered after spindle inhibition; note chromo- 
some at S, bearing a satellite. Cf. fig. 23. Fig. 18, daughter chromosomes separated but still lying parallel. Cf. 
fig. 24. Fig. 19, single restitution nucleus. Fig. 20, E£. foliata, seven diplochromosomes scattered owing to 
spindle inhibition. 
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elongated or more or less amoeboid and 
irregularly lobed. Such a nucleus was less 
dense and possessed a feebly developed 
nuclear membrane. In other cases several 
nuclei of different forms and sizes were 
organized, some of which were connected 
with narrow bridge-like processes (figs. 
15, 21). In still other cases where chro- 
mosomes were widely scattered, a diffuse 
type of nucleus resulted whose boundary 
was not differentiated from the cyto- 
plasm. All these cases were equally fre- 
quent. The formation of different num- 
bers and different shapes of nuclei was 
entirely dependent on the method of dis- 
tribution of daughter chromosomes with- 
in the body cell when the process of nu- 
clear formation began. If chromosomes 
were compactly arranged, a single nucle- 
us was formed; if they were present in 
two or three groups, each group formed a 
separate nucleus; and if one or a few 
chromosomes were present between two 
groups, a bridge-like process connecting 
the nuclei was organized in the interme- 
diate region. In case more than one nu- 
cleus was organized, it was not necessary 
for the two daughters of the same parent 
chromosome to enter the same nucleus, 
since the daughter chromosomes often 
had become widely separated. It is obvi- 
ous, therefore, that the constitution of 
these different nuclei was highly variable. 

It has already been seen that, in some 
cases, all the metaphase chromosomes 
but one were grouped together, with the 
solitary chromosome far apart (fig. 11). 
In such cases the possibility is that all the 
chromosomes of the group would form a 
single nucleus while another would be or- 
ganized by the two daughters of the sepa- 
rated chromosome. Evidently the larger 
of such restitution nuclei would be an- 
euploid, containing the 2n — 2 number. 
It is of interest that aneuploid plants 
have been produced by BLAKESLEE in 
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Datura by colchicine treatment (1). Drr- 
MEN (2), in reviewing the colchicine effect 
on plant tissues, suggested that aneu- 
ploidy may be due to “partial instead of 
a total arrest of chromosome division as 
colchicine begins to become effective and 
at the time its effect is finally being elim- 
inated” or to “multipolar division in 
some polyploid nuclei” as observed by 
LEVAN (5) in his studies on the effect of 
colchicine on root-tip mitosis in Allium. 
The formation of aneuploid nuclei, in 
many cases, may also be ascribed to the 
scattering of chromosomes after the in- 
hibition of the spindle mechanism, since 
those that wander away may be exluded 
from entrance into the restitution nucle- 
us on the arrival of the metabolic state. 

As a rule, whether one or more nuclei 
the chromosomes 
within a body cell underwent nuclear or- 
ganization simultaneously. Occasionally, 


were organized, all 


however, instances were observed where 
most of the chromosomes had formed a 
restitution nucleus or nuclei while a few 
were still in the chromosome stage (figs. 
16, 22). Such rare instances were also ob- 
served to 
ment (6). 

The process of nuclear formation in 


result from colchicine treat- 


this material was exactly the same as 
that which occurs during the formation 
of daughter nuclei from the two telo- 
phase groups of chromosomes in a normal 
division of the body nucleus. The chro- 
mosomes in the material treated with 
sulfanilamide did not, however, always 
undergo such a high degree of contrac- 
tion as in the telophase in normal mitosis. 
The daughter chromosomes became sur- 
rounded by some pale substance which 
contrasted sharply with the dark-gray 
cytoplasm of the body cell. This pale area 
in many cases began to develop around 
daughter chromosomes still closely ap- 
proximated. This area around each chro- 
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mosome gradually increased in size, and 
simultaneously the chromosome lost its 
staining reaction. It appeared as if some 
substance was secreted by the chromo- 
some which reacted with the cytoplasm, 
changing its nature. With the increase in 
area of this pale material around individ- 





Fies. 21-24. Cf. figs. 15, 16, 17, 


ual chromosomes, all the chromosomes 
lying near one another became immersed 
In a common 
stance, 


matrix of this pale sub- 
them- 
faded. This entire mass 


while the chromosomes 
selves became 
then was transformed into a nucleus. If 
the chromosomes were closely situated, 


the matrix was quite compact and the 
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nuclear membrane well developed. On 
the other hand, if the chromosomes were 
more or less dispersed, the matrix was 
relatively thin and the nuclear mem- 
brane indistinct. In those cases where the 
chromosomes were widely scattered, the 
nuclear substance was in a highly dis- 


and 18, respectively, from which drawings were made 


persed state, and its boundary was not 
easily differentiated from the surround- 
ing cytoplasm. 

It is clear, therefore, that sulfanila- 
mide in its effective dose has exactly the 
same effect in bringing about irregulari- 
ties in mitosis as does colchicine. The 
form, the number, and the mode of for- 
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mation of restitution nuclei are the same 
as after colchicine application, but sul- 
fanilamide must be applied in relatively 
higher concentration than colchicine to 
produce equal effect. 


Discussion 


The results in general agree with those 
of PeTrErs (8) and FuLLER (4) in the case 
of A. cepa root tips. The present observa- 
tions, however, do not corroborate 
PETERS’ statement that ‘‘cells which 
were in metaphase or anaphase at the on- 
set of treatment with sulfanilamide 
[o.59 | complete the nuclear division.”’ 
The immediate effect of the chemical in 
the present material is to bring about ex- 
citation movements in the cytoplasm, 
thus disturbing its balance. If the cells 
are at any of the above stages, the fragile 
spindle immediately breaks down, and 
the chromosomes are released. They may 
become widely dispersed. 

No X-shaped diplochromosomes with 
undivided kinetochore were observed in 
the present material. Always the chro- 
matids lay parallel. The separation 
started at the ends until the kinetochore 
was involved. For a time the daughter 
chromosomes lay parallel and then lost 
this arrangement. These results agree 
with PETERS’ observation with sulfanila- 
mide. The effect of colchicine on Ephedra 
pollen grains is the same (6), although 
PETERS stated that in A. cepa the effect 
of colchicine is different from that of sul- 
fanilamide and that X-shaped diplo- 
chromosomes were commonly observed. 

Considerable shortening of chromo- 
somes was observed in some pollen 
grains under the effect of 0.5% sulfanila- 
mide. Such shortening was also observed 
by Peters and by FULLER in A. cepa. 

FULLER stated that a few cells exhibit- 
ed normal mitosis even in root tips im- 
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mersed in sulfanilamide for 96 hours. In 
none of the pollen grains treated with 
0.5% sulfanilamide at different mitotic 
phases or germinated in 0.5% sulfa- 
nilamide medium was continuation of 
normal mitosis observed. 


Summary 


1. The effect of sulfanilamide has been 
studied on the division mechanism of the 
body nucleus in the pollen grains of four 
species of Ephedra. The grains were ger- 
minated in artificial culture on the natu- 
ral mucilaginous material which is 
secreted by the ripe ovules at their 
micropylar ends. 

2. When sulfanilamide was added to 
make a concentration of 0.5% in such 
cultures in which germinating grains 
exhibited metaphase, anaphase, or telo- 
phase stages in the body cell, the im- 
nediate effect was the complete collapse 
of the spindle mechanism. 

3. A o.2% concentration of sulfanila- 
mide in the mucilaginous secretion on 
which the grains were germinated has no 
effect on the mitotic phenomena. A 0.4% 
concentration was just at the critical 
level for obtaining a paralyzing effect on 
the spindle mechanism and occasionally 
brought about the liberation of a chro- 
mosome from the spindle zone. In a 0.5% 
dose the spindle mechanism was com- 
pletely inhibited, and the chromosomes 
became scattered, split, and underwent 
the process of nuclear formation in exact- 
ly the same manner as upon treatment 
with colchicine. 

4. The direct effects of the chemical on 
chromosomes are (a) to bring into promi- 
nence their kinetochore region and 
(b) to cause in some instances a high de- 
gree of contraction. The indirect effect on 
the chromosomes is that they become 
straightened because of the absence of a 
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spindle mechanism. Sulfanilamide, thus, 
in its effective dose, produces the same 
effects as colchicine. The former, how- 
ever, is potent only in higher concentra- 
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tions, while the latter is effective in rela- 
tively much more dilute strengths. 
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INCORPORATION OF ISOTOPIC CARBON INTO COM- 
POUNDS BY BIOSYNTHESIS! 


R. H. 


Introduction 

In the past few years we have had nu- 
merous inquiries about techniques for 
biosynthesis with higher plants, inquiries 
apparently reflecting a surprisingly wide- 
spread unfamiliarity with methods for 
growing plants in closed systems. The 
necessity for maintaining bacteriological 
control and for altering the gaseous at- 
mosphere supplied plants in studies of 
biological nitrogen fixation first led us to 
develop simple closed systems for grow- 

' Published with the approval of the Director of 
the Wisconsin Agricultural Experiment Station. 
These studies were supported in part by funds from 
the Rockefeller Foundation and by the Research 
Committee of the Graduate School from funds sup- 
plied by the Wisconsin Alumni Research Founda- 
tion. R. H. Burris performed preliminary tests on 
techniques for biosynthesis by higher plants while 
at the Argonne National Laboratory during the 
summer of 1946. 
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ing plants (3, 9, 10). Although we have 
used these extensively for many years, 
their details remain unpublished. No at- 
tempt is made here to review other de- 
scribed methods for culture of plants in 
closed systems (1, 5, 6) or to consider the 
insertion of labels other than carbon. 


Basic methods 

After many trials with different types 
of containers (3, 9, 10, 11) the apparatus 
finally adopted for most work is that 
shown in figure 1. A fixed weight or vol- 
ume of sand is placed in a 9-liter Pyrex 
serum bottle, and a complete nutrient 
solution is added to near saturation of 
the sand. In the nitrogen-fixation studies 
Crone’s nitrogen-free solution is pre- 
ferred: 0.67 gm. KCl and 0.17 gm. 
ach of CaSO,-2H.O, MgSO,-7H.0, 
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Ca;(PO,)., FePO,, and K,PO, per liter. 
Other solutions may be substituted; 
Hoagland’s (2) has the advantage that 
all components are soluble in the con- 
centrations used. The bottles are plugged 
with cotton, capped with paper, and 
sterilized by heating for 2 hours at 
121 C. in an autoclave. 

















Fic. 1.—Serum bottle equipped for aseptic cul- 
ture of plants in closed system. 


In studies of nitrogen fixation sterili- 
zation of seed is mainly concerned with 
the destruction of the rhizobia (3). This 
can be accomplished with seeds of the 
common legumes by treatment with the 
following disinfectants: 70% ethyl al- 
cohol for 3 minutes, three rinses with 
sterile distilled water, 5-10 minutes with 
o.1% mercuric chlorice, three rinses, and, 
finally, 1-3 minutes with calcium or 
sodium hypochlorite solution containing 
3% available chlorine, fol owed by five 
rinses. Penetration of each of the disin- 
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fectants is improved by placing the seed 
in a sterile Petri dish kept in a container 
on which a vacuum is alternately pulled 
and released. The bacteria-free seeds are 
distributed on moist blotting paper in 
sterile Petri dishes and are allowed to 
germinate in a canister containing water 
to maintain a saturated atmosphere. 
The seedlings (e.g., twenty of red clover) 
are transferred aseptically to the o-liter 
serum bottle, and the sand surface is 
broken and pushed over them with a 
long metal rod sterilized by dipping in 
alcohol and flaming. When the plants are 
2 inches tall, the paper caps and cotton- 
plugs are discarded and replaced by ster- 
ile rubber stoppers carrying cotton- 
plugged tubes for adding or withdrawing 
gases. At weekly intervals the gases are 
aerated from the bottles and new gas 
mixtures are added. 

In the system described, red clover 
plants will grow to 12-15 inches without 
addition of water or nutrients other than 
the supply initially present. Only CO, is 
added to the bottles; periodically the 
liberated O, is vented. With care the 
plants can be kept aseptic, although 
strict asepsis is not always necessary. In- 
sect or microbial damage seldom occurs, 
and algae do not grow on the surface of 
the sand. 

The necessity for the addition of CO, 
is indicated by the solution contained in 
a small shell vial suspended from one of 
the inlet tubes (7). WILSON (8) described 
several suitable indicators, but an ap- 
proximately o.cor M_ solution of 
NaHCO, plus cresol red is commonly 
used (Clark and Lubs indicator—o.1 gm. 
cresol red plus 26.2 ml. 0.01 V NaOH 
ground together and diluted to 250 ml. 
with water; one part of this solution plus 
19 parts of 0.001 M NaHCO,). When the 
indicator becomes red, CO, is added, and 
the indicator turns yellow. Carbon diox- 
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ide is generated and added conveniently 
from the system shown in figure 2. This 
figure also shows in outline two alterna- 
tive systems that permit more complete 
recovery of the CO, generated. These 
generators are suitable for use with nor- 
mal carbonates or with radioactive car- 
bonates of low specific activity. When 
tank CO. is employed, the generating ap- 
paratus is dispensed with and sections A, 
B, and C only of figure 2 suffice. 

The temperature in the interior of the 
closed bottles rises substantially above 
that of the greenhouse on warm, bright 
days. The bottles can be cooled by spray- 
ing cold water through a collar of per 
forated copper tubing placed around 


their necks. 


Modifications 

The procedures developed by WILSON 
and his associates (10) and summarized 
in the foregoing furnish a basic method 
for culture of plants in closed systems. A 
few modifications have been made for 
biosynthesis of C'- or C's-labeled com- 
pounds. Since the small necks of the 
g-liter serum bottles (fig. 1) make the re 
moval of large plants difficult, wide- 
mouthed jars usually have been sub- 
stituted. The maintenance of aseptic 
conditions is often unnecessary, but if 
plants must be exposed to C™O, for sev- 
eral days or weeks in a closed system 
saturated with water vapor, fungal 
growth on the plants may become serious 
in a nonaseptic environment. 

ligures 3-6 illustrate various cham- 
bers which we have tested. A plain cy- 
lindrical Pyrex jar with a ground open 
end, obtainable in various sizes, makes a 
suitable container. Figure 3 shows one 
closed with a glass plate which is waxed 
onto the top. A hole drilled in the glass 
plate is closed by waxing a rubber stop- 
per into place. The tube through the 
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stopper furnishes a port for adding gas 
and supports the indicator vial. A potted 
plant may be lowered into the jar and 
the system sealed for exposure to C™O.. 

Figure 4 is a modification in which the 



































FIG. 2 from 
BaCO, and for adding CO, to plants. Acid (20% 
HCl or 30° HCIO,) is dropped from D onto BaCO, 
in £; the CO: generated displaces liquid from B into 
A. CO; can be added to plants through rubber tubing 


\pparatus for generating CO 


C' by displacing the gas from B with liquid from A. 
By eliminating sections D, E, and their connections 
and substituting outlined section / or G for generat 
ing CO., more complete recovery of the CO, is 
achieved. F consists of a double-sac sidearm, as il- 
lustrated in fig. 8, which can be rotated to mix acid 
and BaCO, BaCO, and a 
graduated dropping funnel from which a measured 


G consists of a well for 


amount of acid can be added at intervals; pressure 


must be used to force acid from dropping funnel 
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plants are grown directly in a glass jar, 
and then another glass jar is sealed over 
the first at the time of treatment. Potted 
plants may be dislodged from the pot and 
carefully transferred with their soil to 
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Fics. 3-6.—Various types of closed gless con- 
tainers for growing plants. 





such a glass jar. The two glass jars are 
connected and effectively sealed by a 
1-inch band of cloth adhesive tape paint- 
ed with a hot beeswax-rosin mixture 
(equal parts beeswax and rosin). If an 
unusually tall container is desired, a 
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length of 6-inch-diameter tubing can be 
sealed between the bottom jar and the 
top jar. 

In the arrangement shown in figure 5 
the plants are grown in a 2-quart glass 
canning jar. Two open-top metal jar- 
cover rings are soldered together, and 
the two jars are connected by screwing 
them into the jar rings. The junction is 
painted with beeswax-rosin. This device, 
suitable for inclosing small plants for 
treatment, is inexpensive and simple. 

A favorite with many, the bell jar cov- 
ering a potted plant (fig. 6) is not recom- 
mended because of the difficulty of main- 
taining a good seal. Even though the pot 
is placed in a saucer, soil frequently gets 
onto the ground-glass surface of the bell 
jar or the ground-glass bottom plate. 
Transpired water also collects at the bot- 
tom seal. 

A system that has many advantages 
where it is applicable is shown in figure 7. 
The plants are grown nonaseptically in 
porous tapered pots under ordinary 
greenhouse conditions. Porous pots are 
preferred to glass containers, as aeration 
is better and overwatering is less serious. 
The pot of plants to be treated is lowered 
into a glass jar, and another jar is sealed 
over it. The BaC™O, is weighed into a 
small test tube through which a hole has 
been blown in the side near the bottom. 
The tube is closed at the top with a serum- 
vial rubber stopper and is sealed into 
the upper glass jar with beeswax-rosin. 
If desired, a small vial of indicator solu- 
tion can be attached to this CO.-gener- 
ating tube. Carbon dioxide is generated 
in the sealed system by injecting 30% 
perchloric acid through the serum-vial 
stopper with a hypodermic needle and 
syringe. It is advisable to moisten the 
BaCO, before sealing the vial in place, 

2 Chambers of this same type have been described 
by J. W. Brown, Bot. Gaz. 107:332-343. 1946. 
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for otherwise BaCO, dust may be blown 
from the tube into the main chamber. 
Generating CO, internally eliminates 
handling small quantities of the radio- 
active gas. If the plant photosynthesizes 
for a period immediately before harvest- 
ing, CO, is virtually exhausted from the 
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Fic. 7.—Closed plant-culture chamber equipped 
for internal generation of COQ,. 
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system, so that little hazard from radio- 
active gas remains when the jars are 
opened. They should always be opened 
in a well-ventilated hood, however, and 
the usual precautions for handling radio- 
active materials should be observed. 























I'1G. 8.—Double side sac for generating CO,. Top 
diagram shows double side sac on inner joint and 
standard taper outer joint which can be waxed or 
sealed into wall of glass container; bottom diagram 
(shifted go° from top diagram) shows how acid in 
side sac A can be dumped into BaCOQ, in side sac B 
by rotating inner ground-glass joint. 


If several additions of CO, to the plant 
are wanted, the CO,-generating tube is 
removed, recharged, and replaced. Al- 
ternatively, an outer ground-glass joint 
can be sealed into the jar, and an inner 
joint carrying a double sac (fig. 8) can be 
charged with BaC™O, (sac B) and 30% 
perchloric acid (sac A). When the joint 
is rotated, the acid dumps from A to B 








and generates CO,. By dropping small 
amounts of standard acid through a stop- 
cock (or injecting it through a rubber 
barrier) onto a charge of BaC™O, inside 
the chamber, it would be possible to gen- 
erate CO, in known quantities at inter- 
vals. If a circulation of CO, more rapid 
than will occur by diffusion and convec- 
tion is needed, a small steel fan rotated 
from the outside with a magnetic stirrer 
can be placed inside the jar; or a small 




















Fic. 9.—Device for grinding holes in glass. Brzss 
tube, A (bottom end view, B), is connected to drill 
press and rotates in water suspension of abrasive, C, 
against glass, D. Short section of tubing, E, is waxed 
to D to form a well to retain abrasive suspension. 


electric fan with sealed-in leads can be 
used. 

Holes are readily drilled in the glass 
jars by the method described in Cor- 
ning’s booklet, Laboratory Glass Blowing 
with Pyrex Glasses. The holes are drilled 
with a slotted brass tube (fig. g), which 
is rotated in a drill press. It rotates in a 
mixture of abrasive and water; this is re- 
tained by a short length of pipe of larger 
diameter waxed to the glass surface. 


Discussion 
The methods described for culture of 
plants in closed systems are simple and 
require inexpensive apparatus, yet are 
satisfactory for biosynthesis of C’4- or 
C-labeled compounds by higher plants. 
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Although no attempt is made here to 
recommend particular plants for a given 
synthesis or to describe methods for 
separation of labeled compounds, it 
should be noted that the methods de- 
scribed have been tested in the prepara- 
tion of labeled starch from bean leaves, 
labeled isocitric and malic acids from 
Bryophyllum calycinum, and malic and 
citric acids from tobacco. Partition chro- 
matography on silica gel (4) has been our 
method of choice for separation of or- 
ganic acids, but other accepted methods 
can be readily adapted to the recovery of 
the desired compounds. Neither do we 
wish to infer that all plants can be grown 
readily from germination to maturity in 
closed systems—some will undoubtedly 
give difficulties. Although a compara- 
tively short period of treatment with 
C40, is usually sufficient to label wanted 
compounds, materials that are formed at 
a relatively slow rate may require pro- 
longed exposure of the plant to C™0. of 
low specific activity. Excised leaves from 
large plants will often serve as well as the 
intact plant for short exposures. 

Large, bench-sized closed systems for 
biosynthesis have been proposed, but 
there is an inherent danger that changes 
of pressure accompanying daily tempera- 
ture fluctuations will cause leakage of 
radioactive gases. [t may be argued that 
such chambers are designed for use with 
diluted CC, and for production of large 
quantities of plants of low radioactivity. 
The opposite point of view—that mate- 
rials should be produced with high spe- 
cific activity in small, easily controlled 
chambers and then diluted with normal 


plant products—should be carefully con- 


sidered, however, for it has much to rec- 
ommend it. It may be pointed out also 
that two small tobacco plants (about 14 
inches high), which we sealed into a glass 
jar and checked recently under winter 
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greenhouse conditions, accumulated 1100 
ml. of normal CO, in 3 days. This is 
equivalent to about 85 millicuries of 
CO, at the concentration currently 
supplied from Oak Ridge and _ corre- 
sponds to a yearly consumption of about 
10,000 millicuries or $500,c0oo worth of 
C'. There is a possibility of radiation 
damage to the plant at too high concen- 
trations of C'4O,, but this is probably not 
serious. Our budget has not permitted a 
critical test of the point. 
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Summary 
With simple equipment it is possible 
to biosynthesize C'4- or C'-labeled com- 
pounds by growing plants in closed sys- 
Several suitable containers for 
plants and devices for generating and 
adding carbon dioxide are described. 


tems. 
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EFFECTS OF SEVERAL PLANT GROWTH-REGULATORS 
ON WOUND HEALING OF SUGAR MAPLE’ 


EDWIN A. DAVIS? 


Introduction 
The concept of wound hormones from 
the time of its formulation to the present 
day has remained popular in many bo- 
tanical centers. It would seem worth 


This work was supported by a fellowship from 
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ington, Div. of Plant Biol., Stanford, Calif. 


while to trace briefly the development of 
the wound-hormone theory. 

The concept of a wound substance was 
formulated by WIESNER (18), who pro- 
posed that a substance flows out of 
wounded cells which causes the adjoining 
uninjured cells to become meristematic, 
resulting in the formation of a callus. 
MassartT (11) later observed cell divi- 
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sion in the area surrounding dying or ne- 
crotic cells and thought that there was a 
causal connection, probably of a chemi- 
cal nature. HABERLANDT (7) dealt with 
the wound-hormone theory experimen- 
tally. From his experiments in which he 
compared the number of cell divisions on 
the surface of washed and unwashed 
Kohlrabi tuber slices, and on the surface 
of slices which were covered with a thin 
layer of Kohlrabi tissue pulp, he con- 
cluded that he had demonstrated the 
wound hormone by the effectiveness of 
the decomposition products from the 
dying cells in inducing cell division. 
NAKANO (12), in order to explain the ob- 
servation that parenchyma cells located 
between a vascular bundle and the 
wound surface divide more vigorously 
than those not so situated, postulated the 
combined action of an irritant (wound 
hormone) diffusing from the wound sur- 
face and a factor from the vascular bun- 
die (leptohormone). REICHE (15) inject- 
ed tissue juices and cell debris into the 
intercellular systems of stems and peti- 
oles of different plants and found that the 
resting cells bordering the intercellular 
spaces were stimulated to divide. He 
considered that, when a plant organ is 
wounded, wound-stimulating materials 
arise which can be conducted away by 
diffusion in living cells, intercellular 
spaces, and in the lumen of vessels, or 
mechanically by capillarity. PETRIE (14) 
studied cork formation in artificial 
wounds of leaves of Echeveria secunda 
and of potato tubers. He believed the 
wound hormone of HABERLANDT to be an 
oxidation product of a compound, con- 
tained in living cells, which is normally 
inactive but which can be made active 
by atmospheric oxygen or oxidases. He 
did not think the wound substance 
should be classified as a hormone analo- 
gous to animal hormones. 
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BROWN (2) investigated the response 
of the vascular cambium of leader shoots 
of the balsam poplar (Populus balsami- 


fera L.) to wounding. The investigation 


was carried out in the laboratory during 
the winter months, at which time it was 
possible to make observations on local 
cambial activity distinct from normal 
cambial activity. It was found that, the 
greater the amount of bark distal to a 
wound, the greater was the local cambial 
activity in relation to the wound. De- 
veloping buds and leaves were also found 
to stimulate this process. Cambial activ- 
ity in relation to wounding was similar 
to normal cambial activity in its response 
to gravity; that is, it was greater on the 
upper side of a horizontally placed shoot 
than on the lower side. From these re- 
sults BROWN suggested that a hormone, 
present in the living bark and also pro- 
duced by developing buds and leaves, 
plays a part in the wound reaction. He 
considered it probable that it is the same 
hormone involved in normal cambial ac- 
tivity. The observation that from the 
lower edge of a complete ring a very weak 
cambial activity developed, the cells 
from which did not differentiate into ves- 
sels and fibers, suggested that a wound 
substance capable of promoting cell divi- 
sion only was involved. The amount of 
this wound substance produced seemed 
to be proportional to the extent of dying 
cells in the bark subsequent to wound- 
ing. Local cambial stimulation above a 
complete ring involved both cell division 
and differentiation and was interpreted 
as the result of both the wound substance 
and the cambial hormone in the bark 
traveling in a basipetal direction. 

More recently the study of the wound 
reaction has involved the use of plant 
growth-regulators. BROWN and CORMACK 
(3) reported that heteroauxin in lanolin, 
applied to the distal end of disbudded 
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cuttings of P. balsamifera L., stimulated 
cambial activity for a distance of 1—1.5 
inches below the point of application. 
Cambial activity was also stimulated in a 
bridged ring considerably below the point 
of application but was absent between 
the area of stimulation at the point of 
application and the bridged wound. The 
wood which was laid down at and im- 
mediately below the point of application 
was found to be abnormal, containing nu- 
merous nests of parenchyma and vessels 
which were in general narrower than nor- 
mal. JAKES and HEXNEROVA (9) noted 
that 1% indoleacetic acid in lanolin and 
“Bevitan” paste were effective in the 
wound treatment of fruit trees. GOUWEN- 
TAK and Maas (6), working with dis- 
budded shoots of Fraxinus ornus, Popu- 
lus nigra, and Salix fragilis, found that, 
when freshly cut surfaces at the upper 
ends were treated with lanolin contain- 
ing heteroauxin, large amounts of wood 
were produced along the entire length 
of the shoots. 

Investigations have also been carried 
out in which compounds thought to be at 
least in part responsible for the wound re- 
action have been determined. Orsds (13) 
found that the so-called ‘wound reac- 
tion” (i.e., enzymatic activity, cell divi- 
sion, and cell growth) could be produced 
in Kohlrabi with the aid of protein de- 
composition products. Through the ac- 
tion of these products the hydrogen-ion 
concentration within the cells increased. 
Tyrosine was found to be released in the 
wound reaction and was considered to be 
the effective component of the decom- 
position products. ENG IsH et al. (4) iso- 
lated a crystalline substance from string- 
bean pods which is capable of inducing 
renewed cell division and extension in 
the parenchymatous cells of the bean 
pod mesocarp. The structure of the com- 


pound was determined and was synthe- 


sized (5); the compound was termed 
“traumatic acid” and was considered by 
them to be a plant wound hormone. 
HAMMETT and CHAPMAN (8) found a cor- 
relation between the sulfhydryl group, 
mitosis, and cell elongation in roots of 
Phaseolus vulgaris. The highest concen- 
tration of —SH was found to be in the 
region of highest proliferation and the 
lowest concentration of —SH in the re- 
gion of cell elongation. Upon making a 
scratch along the length of a root, a 
strong —SH reaction was almost im- 
mediately produced along the line of in- 
jury. The —SH reaction was also intensi- 
fied by crushing. These observations in- 
dicate that —SH is liberated by trauma. 

From a practical standpoint the ideal 
wound dressing has yet to be discovered. 
TiLForRD (16) found that lanolin con- 
taining indolebutyric acid did not stimu- 
late callus formation and indicated that a 
greater effort should be made to stimu- 
late healing by incorporating growth 
substances in wound dressings. 

The purpose of this paper is to report 
the results of an experiment in which 
several plant growth-regulating sub- 
stances were tested for their abilities to 
stimulate the wound healing of sugar 
maple. It would be of considerable theo- 
retical as well as practical interest if any 
of the compounds tested were able to act 
in the capacity of a wound substance. 


Material and methods 


The experimental tree was the sugar 
maple, Acer saccharum Marsh. A total of 
120 trees, located on the grounds of the 
Bartlett Tree Research Laboratories at 
Stamford, Connecticut, were used. They 
ranged from approximately 2 to 6 inches 
in diameter and were arranged in an ex- 
perimental plot which was divided into 
four replications, each containing thirty 
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trees. A view of some of the trees is shown 
in figure 1. 

Six compounds were tested for their 
abilities to stimulate wound healing: 
3-indolebutyric acid, o-chlorophenoxy- 
propionic acid, p-chlorophenoxyacetic 
acid, 2,4-dichlorophenoxyacetic acid, 
traumatic acid, and glutathione.’ 





Fic. 1.—View of some of sugar maple trees after 
wounds were made, treated, and covered with ad- 
hesive tape. 


Glutathione is the tripeptide of glu- 
tamic acid, glycine, and cysteine, the 
latter being a source of the sulfhydryl 
group. Talc was used as the carrier. The 
compounds were prepared in concentra- 
tions of 200, 100, 50, 1.0, and 0.1 mg/gm 


’ I wish to thank Dr. James ENGLISH, Jr., for the 
sample of traumatic acid, the Dow Chemical Com- 
pany for samples of 3-indolebutyric acid, p-chloro- 
phenoxyacetic acid, o-chlorophenoxypropionic acid, 
and 2,4-dichlorophenoxyacetic acid. I also thank the 
Dupont de Nemours and Company for a sample of 
2,4-dichlorophenoxyacetic acid. 
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talc. The preparations of o-chlorophe- 
noxypropionic acid, 2,4-dichlorophenoxy- 
acetic acid, traumatic acid, and p-chloro- 
phenoxyacetic acid were prepared by 
making solutions at the appropriate con- 
centrations in 50% ethyl alcohol so that, 
when 1 ml. of solution was added to a 
gram of talc, the desired concentration 
of the compound was achieved. The prep- 
arations were thoroughly mixed, and the 
alcohol evaporated off. Then the prepa- 
rations were again mixed in order to in- 
sure uniform distribution of the com- 
pounds throughout the talc. The prepa- 
rations of 3-indolebutyric acid and gluta- 
thione were prepared in a similar man- 
ner except that the chemicals were dis- 
solved in 95% ethyl alcohol and distilled 
water, respectively. The control prepara- 
tion consisted of talc. There was a total 
of thirty treatments which were assigned 
to the trees in each replication at ran- 
dom. 

The trunk of each tree contained four 
wounds, three of which were treatment 
wounds, the other a control. All the treat- 
ments on any given tree were the same. 
The wounds were arranged along the 
longitudinal axes of the trees approxi- 
mately 1 foot apart, each wound facing 
a different direction. The top wound 
faced north, the second east, the third 
south, and the fourth west. The controls 
in each replication faced in different di- 
rections and were in different positions 
along the trunks of the trees in relation 
to the other wounds. In the first replica- 
tion the top wounds were the controls 
and faced north; in the second, the sec- 
ond wounds from the top were the con- 
trols and faced east; in the third, the 
third wounds from the top were the con- 
trols and faced south; and in the fourth 
replication the bottom wounds were the 
controls and faced west. The treatment 
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wounds were assigned to the other posi- 
tions. 

The wounds were rectangular in shape 
with an area of 22.2 cm.’ and were made 
with a specially designed tool. The bark 
was cut and removed in one piece. The 
surface of the wound was thoroughly 
scraped to remove all the phloem ele- 
ments or cambial cells which may have 
adhered to the wood. 

The amount of talcum preparation for 
each wound was measured with a stand- 
ard measure which held approximately 
o.1 gm. The preparations were placed in 
the cups of color reaction plates and were 
dabbed on the wounds with small wads 
of absorbent cotton immediately after 
the wounds were made. A fresh wad of 
cotton was used for each preparation. 
The wounds were completely covered, 
making particularly certain that the 
edges of the bark and the regions where 
the bark and wood came in contact were 
well coated. The wounds were covered 
with surgical adhesive tape. There was a 
total of 480 wounds. 

The wounds were made and treated 
between July 29 and August 8, 1946. At 
this time the spring surge of cambial ac- 
tivity had ceased, and the slower process 
of midsummer growth had commenced. 
Readings were made the following May. 
In order to judge the amounts of heal- 
ing, outlines of the areas of the wounds 
not healed over were traced on strips of 
celluloid. The outlines were then trans- 
ferred to paper where their areas were 
measured with a planimeter. These areas 
were subtracted from the initial wound 
area, giving the amount of healing-over 
in square centimeters. For each tree the 
average amount of healing for the three 
treatment wounds was calculated. The 
results are expressed as the differences 
between the amounts of healing of treat- 
ment and of control wounds. 
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Results 

The results are compiled in table 1. 
Plus values indicate that healing was 
stimulated and negative values that it 
was inhibited. 

3-Indolebutyric acid did not stimulate 
callus formation or the subsequent proc- 
esses of healing at any of the concentra- 
tions tested. In general, the healing of the 
control wounds was superior to the heal- 
ing of the treatment wounds. Although 
this compound retarded the wound-heal- 
ing process, it did not cause a noticeable 
dieback of the surrounding tissues. 

o-Chlorophenoxypropionic acid did 
not stimulate healing at the concentra- 
tions tested. As a rule the healing of the 
treatment wounds was poorer than the 
healing of the controls. The concentra- 
tion 1 mg/ gm was found to be somewhat 
better than the other concentrations. 
The differences, however, were not great 
enough to be significant. 

p-Chlorophenoxyacetic acid was also 
ineffective in stimulating healing. In 
most cases the control wounds demon- 
strated a greater amount of healing than 
the treatment wounds. 

2,4-Dichlorophenoxyacetic acid was 
inhibitory at the four highest concen- 
trations. At 200 mg/gm it caused a con- 
siderable degree of dieback. Concentra- 
tions of 100, 50, and 1.0 mg/gm were also 
inhibitory, but to a lesser extent. From 
1.0 to 200 mg/gm the amount of dieback 
was proportional to the concentration of 
the compound applied. At 0.1 mg/gm 
there was some indication of stimulation. 
It was not great enough, however, to be 
significant. It is possible that by using a 
larger number of pairs this treatment 
could be shown to be beneficial. 

Traumatic acid was not found to ac- 
celerate the wound-healing process. In 
ihe majority of cases the healing of the 
control wounds was more rapid than the 





TABLE 1 
WOUND HEALING OF SUGAR MAPLE AS AFFECTED BY SEVERAL PLANT 
GROWTH-REGULATING SUBSTANCES. AREAS IN SQ. CM. 





: AREA HEALED OVER : AREA HEALED OVER 
CONCEN- CONCEN 
TEST TRATION TEst TRATION aie: 
COMPOUND (MG/GM Treat- Can: me COMPOUND (MG/GM Treat- | Cine: ; 
TALC) Difference TALC) Difference 
ment trol ment trol 

3-Indolebutyr-| 200 5.8 3-9 “2-0 p-Chlorophe- 200 ° 4.0 | —4.0 
ic acid 7-2 g.o io noxyacetic E5 | 232. |) 037 
| 4.6 4-9 O73 acid 3:5 | Ss | Seg 

| 5-4 6.0 Set ° rR 258 

100 58 8.9 ae 100 re 8.7 —4.7 

| 5-4 he [ia ee 6.1 og | 2.3 

| 5.6 8.7 —3.1 3.6 5-6 | —2.0 

4:9 5.6 —0.9 5.0 4-9 | +0.1 

50 | 6.9 7.0 —0O.1 50 0.8 7.2 | ce 

25 8.9 — 5.5 3.5 Sie | 86 

6.2 5.7 +0.5 5.0 4.8 +0.2 

1.8 4:5 2.9 5.6 6.8 —=*29 

1.0 4.2 0.4 +3.8 1.0 6.3 1 8:6 —2 9 
2.9 8.2 5.3 ae ee —4.0 

8.2 2.7 —2.5 6.8 654 =O-2 

8.2 7.8 +0.4 7.0 1} 76 —0.6 

0.1 | 0.8 2.8 —2.0 O.1 4.9 ay +1.5 

I t.08 4.6 ws 6 3.60 S42 eae! 

| | 4.0 5.1 =0:5 6.4 3.1 3-3 

| 73 8.0 —0.7 6:9 6.9 —45.,'9 
o-Chlorophe- | 200 | 0.5 352 =257 2,4-Dichloro- | 200 ° 2.4 —2.4 
noxypropi- | } 2.8 6.0 =— 22 phenoxy- 0.4 £52 —4.0 
onic acid | | 3-5 Bs —4.3 acetic acid ° ry —1.7 
| 4-5 6.2 ey | ° 4.2 —4.2 

| 100 i 3.8 ° 2.5 100 ° Q.2 —Q.2 

| 3-9 8.3 =—4.4 1.0 5.6 —4.6 
| ac2 6.3 ar 0.4 | 9.4 | —9.0 
oar | 6.5 =2°o 2.5 } O.§ —4.0 

50 | O 0.4 —0.4 50 0.4 | 3.8 ak 

| 2.2 5-7 =3<5 3-2 | 7.6 4-4 
| 1.9 7.0 —.1 fe) 22 | ae 

6.5 5.0 +1.5 ° 732 saat 
| EO: |) R56 2.6 +1.3 1.0 1.0 | 3.0 oat 
| oO 3.2 —3.2 ro. | 2.8 —o.8 

| Fi 6.2 +0.8 4.2 4.4 —=—557 

5-7 3-9 +1.8 3-5 ° —3.§ 

oO. 3.6 3-9 —=—5.3 O.1 8.2 735 +0.7 
6.2 4.2 +2.0 0.6 4.2 — 3.6 

6.6 0.7 —O7 4.0 Ye +2.1 

° ° ° 3.8 Ea +2.5 

Traumatic 200 [ss 3-3 —1.8 Glutathione 200 2.8 ° +2.8 
acid 3-2 0.2 3.0 3.2 acy —1.5 
0.3 a —0.9 4.5 7.0 —2.5 

4.8 CSE | —0.9 4.8 6.5 sgt 

100 2.2 0.4 —4.2 100 2.8 ° +2.8 

3-9 9-3 — 5.0 5.8 | —0.8 

4.3 10.9 —6.6 5.8 2.0 3.8 

4.1 9.0 —4-9 4-2. 1 2-3 +0.9 

50 4.0 3.4 +0.6 50 3.6 1.4 +2.2 

2.0 oe —3.1 0.9 | I.1 —0.2 

8.1 7% +1.0 2.9 | 1.0 +1.9 

5.0 6.5 —1.5 4.6 0.9 +3.7 

1.0 4.9 6.8 —1.9 1.0 4.2 3.6 +0.6 

| 0.6 2.0 —I.4 | 2.0 4.0 —2.0 

| 5.8 5.0 +0.8 2.9 4-7 —1.0 

| 7.3 7.9 —0.6 | 4.6 0.5 +4.1 

0.1 | 3.6 4.5 —0.9 | 0.1 5.8 6.2 —0.4 

| 5.5 | 8.9 | —3.4 3-4 | 5.7 | —2.3 

| | 7.8 | 6.2 | 1.0: i 3.6 10.2 —6.6 

|} 3-8 | 3-4 +0.4 | 5-4 5-9 —0.5 

| | | | : 
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healing of the treatment wounds. Root As a result of the shape of the wounds 
formation was observed from the top the greatest amount of wood was pro- 
horizontal portions of two wounds on the duced along the top horizontal portions. 
same tree treated with traumatic acid at This was true of the treatment wounds 
200 mg/gm. The other ten wounds which as well as the controls. This phenomenon 
received the same treatment did not ex- is of general occurrence. The wood 
hibit root formation. It was undoubtedly formed from the top horizontal portions 
therefore a chance occurrence. Roots did of the wounds was usually warty in ap- 
not develop from any of the other pearance. 
wounds of the experiment. 
Glutathione was not stimulatory at 

0.1, 1.0, and 200 mg/gm talc but caused The only compound tested which was 
an apparent stimulation at 50 and 100 found to stimulate wound healing of su- 
mg/gm. An analysis of variance (table 2) gar maple was glutathione. The other 
indicated that the treatment as a whole, compounds gave negative results. It is 


Discussion 


TABLE 2 
\NALYSIS OF VARIANCE OF AMOUNTS OF HEALING CAUSED BY GLUTATHIONI 


Source of variation D.} oa M.S I 

Total 19 136.03 sr 
Treatment 4 51.95 12.99 3.10 

(o. 1+200) vs. (50+ 100) (1) 35.10 35.10 8. 38* 

Remainder (3) 16.85 5.62 1.34 
Replicates 3 33.83 11.28 2.69 
Error 12 50.25 4.19 
Mean I 

* Significant: F surpasses the 5%% point, 4.75, for 1 and 12 «Lf. 


including all the concentrations, did not possible that 2,4-dichlorophenoxyacetic 
significantly stimulate healing. The con- acid at extremely low concentrations 
centrations 50 and 100 mg/gm did, how- would stimulate wound healing. It is also 
ever, stimulate wound healing to a sig- possible that more extensive experiments 
nificantly greater degree than the con- with  o-chlorophenoxypropionic — acid 
centrations 0.1, 1.0, and 200 mg/gm. would indicate it to be stimulatory. 

The F value 8.38 surpasses the 5% point It is of interest that traumatic acid did 
for significance but falls short of the 1% not stimulate wound healing of sugar 
point for a high degree of significance. maple. This compound was isolated from 
There was no indication of a significant string-bean pods (4) and is capable of 
difference between the replications. inducing cell division and extension in 
When the data for the concentrations 50 the parenchymatous cells of the meso- 
and 100 mg/gm were pooled, the differ- carp of such pods. This reaction is com- 
ences between treatments and controls pletely nonspecific, as an array of organic 
were found to be significant by the ¢ test. compounds, as well as sodium chloride 
A larger number of pairs would be neces- and water, will evoke such a response 
sary to demonstrate the significance of (10, 17). BONNER and ENGLISH (1) recog- 
the individual treatments 50 and 100 nized the abilities of many compounds to 
mg gm. produce this nonspecific response and 
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explained it on the basis that they liber- 
ated a wound hormone within the tissue 
itself. The fact that a compound stimu- 
lates the parenchymatous cells of the 
string-bean pod to divide is not adequate 
proof that it is a wound hormone. It is 
unfortunate that the idea has been con- 
veyed that traumatic acid is a plant 
wound hormone. If it is at all, it is prob- 
ably specific for the string bean. 

In order to establish a compound as a 
wound hormone, or probably more cor- 
rectly as a wound substance, it is neces- 
sary to demonstrate that it is produced 
by injury, not disintegration, and that 
it stimulates cell increase in number. 
HAMMETT and CHAPMAN (8) thought 
that the only compound as yet discov- 
ered which fulfils these requirements is 
one containing the —SH group. It is, 
therefore, of some theoretical as well as 
practical interest that glutathione, which 
contains the sulfhydryl group, was found 
to stimulate the wound healing of sugar 
maple. The mechanism by which the 
—SH group brings about cell increase in 
number is not known. 

Other —SH-containing compounds 
should be tested for their abilities to 
stimulate healing. It is possible that some 
of these could be found to have a greater 
stimulating effect than glutathione. 
From a practical standpoint glutathione 
is probably too expensive to be utilized 
commercially. There are, however, other 





[SEPTEMBER 


—SH_-containing compounds which are 
less expensive, and it is possible that 
some of these could be of practical im- 
portance when incorporated in wound 
dressings. 


Summary 


1. Six growth-regulating substances 
(3-indolebutyric acid, o-chlorophenoxy- 
propionic acid, 2,4-dichlorophenoxyace- 
tic acid, p-chlorophenoxyacetic acid, 
traumatic acid, and glutathione) were 
tested for their abilities to stimulate the 
wound healing of sugar maple (Acer sac- 
charum Marsh). 

2. Glutathione at 50 and 1co mg, gm 
talc was found to have a stimulating 
effect. 

3. The other compounds at the con- 
centrations tested were not found to 
stimulate healing. 

4. It is indicated that —SH-contain- 
ing compounds might be of practical im- 
portance when incorporated in wound 
dressings. 
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vestigation. 
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SOME EFFECTS OF THE VAPOR OF 2,4-DICHLOROPHENOXYACETIC 


ACID 


DERIVATIVES ON VARIOUS 


Fh IELD-CROP 


AND VEGETABLE SEEDS 


WENDELL R. MULLISON AND RICHARD W. HUMMER 


Introduction 


It has been shown that the lower alkyl 
esters, 1-5 carbon atoms, of 2,4-dichloro- 


cient volatility for their vapors to affect 
growing green plants (2, 3). This paper 
describes investigations carried out to 
determine if 2,4-dichlorophenoxyacetic 
acid derivatives were volatile enough to 
have an effect on dry seeds with respect 
to viability, rate of germination, and 
seedling characteristics. 


Material and methods 

Hali-gallon, wide-mouth, glass can- 
ning jars with a Kerr-type screw top 
and lid were used as storage containers 
for exposing the seeds to the chemicals. 
bolt was fastened to the lid 
through a hole in the center and secured 
with two nuts, one being placed on the 
top and the other on the bottom of the 


An eye 


lid. Sealing wax was placed over and 
around the top nut to insure that the 
container would be airtight when the lid 
was in place. A sufficient amount of the 
2,4-D derivative being tested was placed 
in a 14-inch Petri dish to cover its bot- 
tom, and the dish was then placed in the 
bottom of the jar. Small cheesecloth bags 
containing the seeds to be exposed were 
suspended from the eyelet of the eye bolt, 
and the lid was put on the jar (fig. 1) 
with the bags arranged in such a way as 
to avoid contact with the walls of the 
jar. After the screw cap had been tight- 
ened to make the jar airtight, the con- 
tainer was placed in a constant tempera- 
ture room at 80° + 2° F. (26.7 + 1.1° C.). 

lifty or one hundred seeds of the vege- 
table or crop being tested were exposed 
in the space over the chemical for peri- 
ods of 30, 60, or 180 days. Following this 
treatment they were germinated in flats 
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filled with clean, moist sand, and seedling 
counts were made. 


Experimentation 
EXPERIMENT I.—The data for seeds 
exposed for 30 days to various 2,4-D de- 

rivatives are given in table 1. 
EXPERIMENT II.—To extend the scope 
of experiment I, the seeds of some other 
common vegetable and field crops were 
exposed for 30 days to the isopropyl ester 
of 2,4-dichlorophenoxyacetic acid and to 


Cove CTURORCEERmE 
—————— 








Fic. 1.—Apparatus used for exposing seeds to 
vapors of 2,4-D derivatives. 
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the isopropyl ester of 2,4,5-trichloro- 
phenoxyacetic acid (2,4,5-T). The results 
are summarized in table 2. 

EXPERIMENT III.—In experiment |, 
with a 30-day exposure period, marked 
depression of germination was noticed 
with cucumbers, rye, turnips, and peas. 
An experiment was then set up to test the 
effect of longer exposure. It was thought 
that such an experiment might show sus- 
ceptibility in a greater range of species. 
The data for seeds exposed for 60 days 
to various 2,4-D derivatives are given in 
table 3. 

It was thought desirable to determine 
whether these results would be different 
after a much longer exposure period. As 
cucumber seeds are fairly sensitive to 
2,4-D, they were exposed for 180 days to 
various 2,4-D derivatives. The results 
are given in table 4. 

EXPERIMENT IV.—From the results 
obtained in the previous experiments the 
question arose as to whether the 2,4-D 
from the volatile esters was entering the 
seed or whether it was adhering to the 
surface of the seed coat. A preliminary 
experiment gave indications that the 
2,4-D derivatives might be adsorbed on 
the seed coat without entering the 
embryo. A further experiment was there- 
fore designed to clarify this point and, 
in addition, to determine whether 2,4-D 
from the seed coat entered the embryo 
during the imbibition process in seed 
germination. Cucumber seeds were ex- 
posed to the methyl ester of 2,4-D for 
180 days. They were then divided into 
two groups of fifty, one of which was 
put on moist filter paper overnight and 
the other not. Each of these groups was 
then subdivided into two more, one of 
which had the seed coats removed and 
the other not. Thus four treatments of 
twenty-five seeds each were planted. The 
results are given in table 5. 
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I}XPERIMENT V.—Vapor-pressure data 
on the methyl, ethyl, and isopropyl 
esters of 2,4-D were obtained from boil- 
ing-point determinations over a series of 
pressures below 760 mm. of mercury. 
Lines of best fit to the experimental data 
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not significant. The vapor-pressure data 
would classify the lower esters of 2,4-D 
as having a relatively low vapor pressure 
from the physica] standpoint. 
Confirmation of the volatility of these 
esters was obtained by placing weighed 


TABLE 1 


PERCENTAGE OI 


SEEDS GERMINATING IN 10 DAYS AFTER 30-DAY EXPOSURE 


lO VAPOR OF VARIOUS 2,4-D DERIVATIVES 


DERIVATIVES O1 


2,4-DICHLOROPHENOXYACETIC ACID 


UN [ISOPROPYL 
SEEDS PREATED ESTER 
Alkanol lsopro " n 
INTROI Na Methyl Ethyl y 15-1 
amine pyl butyl imyl 
salt ester ester 
salt ester ester ester 
Tomato SO 77 85 63 74 78 69 82 Ss 
Bean 98 100 94 86 Q2 96 95 93 Q2 
Corn 96 100 98 96 98 Q2 O04 100 98 
Cucumber 64 72 70 14 16 40 38 68 s8 
Rye 44 40 45 14 10 14 26 30 15 
Wheat 70 68 07 71 75 67 69 65 63 
Turnip 8o 86 88 12 2 30 22 44 81 
Cotton 37 37 40 33 20 25 25 31 40 
Pea 96 96 04 32 14 10 go gS | 8&8 
TABLE 2 
PERCENTAGE OF SEEDS GERMINATING IN 10 DAYS AFTER 30-DAY EX- 
POSURE TO VAPOR FROM ISOPROPYL ESTERS 
OF 2,4-D AND 2,4,5-T 
| | 
| 
| U ; | Isopropyl Isopropyl 
See robasyt 2, 4-dichloro 2,4,5-trichlor 
control 
phenoxyacetate phenoxyacetate 
Lima bean 68 14 58 
Soy bean ; 76 66 8o 
Spinach 23 ° 9 
Watermelon. . Q2 70 04 
Sugar beet 73 20 <6 
Peanut* 30 18 12 
Onion* 7 27 65 
Eggplant* 53 21 ah 
Seeds in this group are a little slower in their germination; therefore 15-day counts are 
recorded for them. 


were obtained by the method of least 
squares. Extrapolation of these lines gave 
the values recorded in table 6. 

The method is subject to sufficient 
error, so that the small differences be- 
tween compounds in table 6 are probably 


amounts in tared Petri dishes in a vac- 
uum desiccator over silica gel. Over the 
course of a week with repeated evacua- 
tions of the desiccator there was appre- 
ciable loss of weight from the methyl, 
ethyl, and isopropyl esters, but there was 
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no detectable loss from the purified tri- 
ethanolamine salt or from the free acid 
of 2,4-D. 
Discussion 

An experiment with a 15-day exposure 
period was first performed. This experi- 
ment was not replicated. No statistically 
significant differences could be demon- 
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(1-5 carbon) esters of 2,4-dichlorophe- 
noxyacetic acid are volatile enough to af- 
fect the germination of seeds which have 
been exposed to such vapors even though 
the seeds were air-dry. The data also in- 
dicate that the volatility of the 2,4-D 
esters varies and, in general, decreases as 
the length of the aliphatic carbon chain 


TABLE 3 
PERCENTAGE OF SEEDS GERMINATING IN 10 DAYS AFTER 60-DAY EXPOSURE 
TO VAPOR OF VARIOUS 2,4-D DERIVATIVES 


DERIVATIVES OF 2,4-DICHLOROPHENOXY ACETIC ACID 
Un- IsopRoPy 1 
SEEDS TREATLD ESTER 
Ikanol lsopro t 1 
CONTROL Na Alkanol- | Methyl | Ethyl : 1 
amine py! buty] amy] 
salt ester ester 
salt ester ester | ester 
Tomato } 65 82 75 | ° 6 16 49 | 57 | 50 
Bean 86 98 88 58 62 82 O4 88 | 62 
Cern 04 | 100 04 | 88 88 838 So | 79 84 
Cucumber 90 04 | 098 ° 12 66 84 90 68 
Rye 40 31 | 32 ° | ° 2 11 } 2 3 
Wheat 92 | 76* | 96 CY an ee 72 74 | 86 77 
Turnip 81 67 83 | o | ° ° I | 6 29 
Cotton : 26 30—CisdY; 23 I | I 5 26; 26 | 25 
. | 3 > | | | 
Pea 98 96 | 94 | 2 | 2 5 52 | 78 | 75 
Squash 68 98 | 88 } o | fe) 2 | 6 5 4 
Radish 70 70 64 | o | ° o | 5 5 40 
Muskmelon 50 46 62 fe) ° ° 12 10 
Mouse damage observed 
TABLE 4 TABLE 5 
PERCENTAGE OF CUCUMBER SEEDS PERCENTAGE OF CUCUMBER SEED GERMINA 


GERMINATING IN 10 DAYS AFTER 
1580-DAY EXPOSURE TO VAPOR OI 
VARIOUS 2,4-D DERIVATIVES 


lrreatment Percentage 


Control... 100 
2,4-D acid Q2 
Triethanolamine salt 92 
Alkanolamine salt. . 96 
Sodium salt 100 
. Methyl ester fe) 


strated. This experiment, however, gave 
definite indications that the lower alky] 
esters were affecting germination. Later 
experiments with longer exposure periods 
gave differences that were significant. 
From the data obtained in these ex- 
periments it is apparent that aliphatic 


TION. SEE TEXT FOR EXPLANATION 


Not OVERNIGH1 
YAKED SOAKING 
PREATMENT 
Not Not 
Peeled | peeled | Peeled | peeled 
Methyl ester 40 ° 32 ° 
Control 72 so Q2 Q2 


increases (see also fig. 2). By the same 
criteria the alkanolamine and sodium 
salts of 2,4-D are nonvolatile. The iso- 
propyl ester of 2,4,5-trichlorophenoxy- 
acetic acid also possesses sufficient vola- 
tility to affect the subsequent germina- 
tion of air-dry seeds which have been ex- 
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posed to its vapors. In general, this ef- 
fect is not so severe as that experienced 
with the isopropyl ester of 2,4-D. 

A statistical treatment of the tomato, 
rye, turnip, and cucumber data of table 1 
by analysis of variance indicated that the 
differences between the germination 
counts for the volatile and nonvolatile 
compounds were highly significant (odds 
= 1:99). In this analysis the results for 
the controls and the sodium and alkanol- 
amine salts of 2,4-D were grouped and 
tested for significance against the results 
ior the group composed of the methyl, 
ethyl, and isopropyl esters of 2,4-D. In 
table 3 the differences are of sufficient 
magnitude that their significance is as- 
sumed. In table 4 the difference between 
the methyl ester and the other 2,4-D 
derivatives is significant. The other 
differences between the treatments are 
not significant. 

In the experiments in which the 2,4-D 
derivatives had obviously affected the 
seeds there were four types of effects 
noted on the germinating seeds: (a) the 
embryonic plants failed to break through 
the seed coats; (b) the seedlings emerged 
but failed to grow; this was usually 
accompanied by abnormal swellings on 
the seedling, and in this case the roots 
often did not develop properly; (c) leaf 
modification of the young leaves after 
emergence; leaves showed typical mal- 
formations such as are caused by 2,4-D 
when applied as a spray (fig. 2); (d) 
stunting of seedlings (fig. 3) and a slower 
germination of the seeds; this might or 
might not be accompanied by leaf modi- 
fication. 

Some of these effects are similar to 
these described by DuNLApP (1) for cotton 
seed obtained from plants affected by 
2,4-D. 

An interesting point about the delay 
in germination is that often it occurred 
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initially in the germination process. After 
germination started, the rate was fre- 
quently about the same as that of the 
controls. 

The effect on rates of germination is 
illustrated by the data plotted in figure 4 
for peas exposed 30 and 60 days. Note 
that in the 30-day treatment the data 
for the amyl and butyl esters are not dis- 
tinguishable from the control on the 
tenth day after planting. Nevertheless, 
the graph shows a 36~-48-hour inhibition 
of germination. The data for the more 
volatile, lower alkyl (methyl, 
ethyl, isopropyl) show both an inhibition 
period and a depressed final count. Sim- 


esters 


TABLE 6 


VAPOR PRESSURE AT 80° F. (26.6° C.) OF ESTERS 
OF 2,4-DICHLOROPHENOXYACETIC ACID* 


. Vapor pressure 
Ester 
Mm. mercury 
Methyl. . 1.55X1073 
Ethyl . 0.86X 10 
Isopropy! r.2 X20 
* For comparison, the vapor pressure of mercury at 80° F 


is 2.1 I 


ilar curves for rate of germination were 
obtained for the other seeds. For the 60- 
day exposure, rates of germination of the 
control seeds and those exposed to the 
nonvolatile compounds of 2,4-D are sim- 
ilar, while for those exposed to the esters 
the rates in general vary according to 
molecular weight. The volatility in such 
a series of compounds can normally be 
expected to vary inversely with molecu- 
lar weight. 

From the data obtained with the 
peeled and unpeeled cucumber seeds 
(table 5) it seems that vapors from the 
volatile esters of 2,4-D do not penetrate 
the dry seed coats in a 180-day period. 
Whether the toxic material enters the 
seed with water during the imbibition of 
water in the germination process or 





oe Chie 
a0 0" 
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Ethyl Ester 


> ae Isopropyl Ester 


2,4-D 


n- Butyl Ester n-Amyl Ester 
2,4%-O 2,4%-D 


2-4Dow Weedkiller 
2-4Dow Weedkiller bigot. Ferucle #0 


Powder (Na Salt) (Aitanclamine Salt) 


Isopropyl Ester 
2,4,5-T. 


30 Day Exposure 
Seeds Planted 
5-13-48 
Photographed 

5-20-48 


Fic. 2.—Primary leaves of bean seedlings from seeds exposed air dry to vapors of derivatives of 2,4-D 


and 2,4,5-T. Note variation in modification induced by esters of 2,4-D and lack of effect of sodium and 
alkanolamine salts; also different effects of isopropyl esters of 2,4-D and 2,4,5-T. 
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whether it is absorbed by the young 
seedling as it emerges and breaks through 
the seed coat is not quite clear, although 
this experiment indicates that little 
2,4-D enters the seed with water during 
the imbibition process. 


There are considerable differences 
among species in the susceptibility of dry 
seeds to vapors from the volatile esters of 
2,4-D. Some species such as corn are 
quite resistant, whereas others such as 
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radishes or muskmelon are quite suscep- 
tible. On the other hand, cotton, which 
one might expect to be quite susceptible 
because of the extreme susceptibility of 
growing cotton to 2,4-D sprays, was 
more resistant than several other species 
such as turnips. 

Previously reported work has shown 
that the sodium and alkanolamine salts 
of 2,4-D did not give off sufficient vapor 
in a confined space to affect growing 












Methy/ Ester 
2,4-D 





FIG. 3.- 


30 Day Exposure 
Seeds Planted 
5-13-48 
Photographed 
5-25-F8 


Pea and cotton seedlings (above) and bean seedlings (below) from control seeds and from seeds 


exposed air-dry to methy] ester of 2,4-D. Note leaf modification in beans, abnormal irregular swellings on pea 


roots, and stunting of cotton induced by chemical. 
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green plants. The present experiments 
give additional evidence that the sodium 
and alkanolamine salts of 2,4-D are non- 
volatile in that the germination counts of 
air-dry seeds stored over these com- 
pounds in a confined atmosphere for pe- 
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seeds exposed to such vapors. The degree 
of severity of the effect is proportional to 
the time of exposure. 

3. The higher aliphatic esters (4-5 
carbon) of 2,4-dichlorophenoxyacetic 
acid are less volatile than the lower esters 
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left) and 60 days (right). 


riods up to 60 days were not noticeably 
depressed. 


Summary and conclusions 


1. Seeds should not be stored where 
they will be exposed to the vapors from 
volatile esters of 2,4-D. 

2. Aliphatic (1-5 carbon) esters of 2,4- 
dichlorophenoxyacetic acid and the iso- 
propyl ester of 2,4,5-trichlorophenoxy- 
acetic acid are sufficiently volatile to af- 
fect adversely the germination of numer- 
ous species of field-crop and vegetable 


(1-3 carbon) as determined by the effect 
of their vapors on the germination of 
seeds. 

4. The sodium and alkanolamine salts 
of 2,4-dichlorophenoxyacetic acid are 
apparently not sufficiently volatile to af- 
fect the germination of air-dry seeds. 

5. The ester vapor appears to be ad- 
sorbed on the seed coat and does not 
enter the dry seed before germination. 


BIOCHEMICAL RESEARCH LABORATORY 
Dow CHEMICAL COMPANY 
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EFFECT OF APPLICATION OF SUGAR ON THE TRANSLOCATION 
OF SODIUM 2,4-DICHLOROPHENOXYACETATE 
BY BEAN PLANTS IN THE DARK! 


LAWRENCE M. ROHRBAUGH AND ELROY L. RICE 


Introduction 

Conditions affecting the translocation 
of growth-regulating substances have 
been studied by several workers. MItcH 
ELL and Brown (2) treated leaves of 
snap bean with 2,4-dichlorophenoxy- 
acetic acid (2,4-D). They found that 
stem curvature, which was used as a cri- 
terion of translocation of the 2,4-D from 
a leaf to a stem, did not result when the 
plants were kept in a shaded location or 
in darkness. Very marked stem curva- 
tures developed from similar treatments 
if the plants were kept in bright light. 
Similar results were obtained with Red 
Kidney bean plants by WEAVER and 
DEROsE (8). PENFOUND and MINYARD 
(4) treated water hyacinth and Red Kid- 
ney bean plants with the butyl ester of 
2,4-D. They stated that the herbicide 
produced greater epinasty and greater 
necrosis in water hyacinth when the 
plants were kept in the shade than when 
they were exposed to full sunlight. They 
also claimed that the herbicide, when 
placed on one of the primary leaves of 
Red Kidney bean plants, effected similar 
bending and necrosis of the plants re- 

‘This work was supported in part by a grant 
from the University of Oklahoma Faculty Research 
Committee. 


gardless of whether they were kept in 
darkness, in diffuse light, or in direct sun- 
light. Rick (5), using ammonium 2,4-di- 
chlorophenoxyacetate [NH,(2,4-D)| and 
Red Kidney bean plants, found no evi- 
dence that the herbicide was translocated 
from the leaves into the stems when the 
plants were in the dark. MITCHELL and 
BROWN (2) found that the translocation 
of 2,4-D was dependent on the presence 
of food materials in the leaves at the time 
translocation occurred. The 2,4-D was 
not translocated out of the leaves of 
plants when the sugar content of the 
leaves was low. WEAVER and DEROSE 
(8) found that, when the growth-regula- 
tor was applied to aerial portions of 
plants, it moved downward readily 
whenever translocation of synthesized 
materials occurred. 

SPOEHR (6) showed that albino corn 
plants could absorb sufficient sugar 
through their leaves to increase greatly 
their length of life. WENT and CARTER 
(9) found that tomato plants could ab- 
sorb significant amounts of sugar through 
their leaves. It occurred to the authors of 
the present paper that the application of 
sugar to the leaves of plants in the dark 
might affect their ability to translocate 
plant growth-regulators. 
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Experimentation 

Seeds of Red Kidney bean were plant- 
ed (five seeds per pot) in 4-inch glazed 
pots and allowed to germinate on a well- 
lighted greenhouse bench. After emer- 
gence of the seedlings they were thinned 
to two plants per pot. When the first tri- 
foliate leaves began to expand, ninety 
pots containing the most uniform plants 
were selected from a total of one hundred 
and thirty. These were transferred to a 
basement room, a portion of which could 
be completely darkened. The tempera- 
ture in this room varied from 28° to 31° 
C. during the period of these experi- 
ments. The plants were then divided into 
three groups of thirty pots each, and each 
group was divided into two subgroups, 
subgroup A consisting of twenty pots 
and subgroup B of ten. Group 1 was 
placed under fluorescent lamps which 
produced light intensities ranging from 
450 to 750 foot candles at the level of the 
plants. Groups 2 and 3 were placed in 
complete darkness. After 21 hours in the 
dark the leaves of the plants in group 2 
were each dipped in a 10% solution of 
sucrose. The leaves were dipped again 
twice after intervening periods of 1 hour 
each. After 24 hours in the basement 
room (1 hour after the third and last dip- 
ping in sucrose of the leaves of the plants 
in group 2), 0.05 ml. of water containing 
70 wgm. of sodium 2,4-dichlorophenoxy- 
acetate [Na(2,4-D)] was applied as adrop 
to the upper surface of one of the primary 
leaves of each of the forty plants in sub- 
group A in each of the three groups. The 
twenty plants in sub-group B of each of 
the three groups were not treated with 
Na(2,4-D). A red light of low intensity 
was used while applying the sugar and 
growth-regulator to the plants in the 
dark. 

Twenty-four hours after application of 
the growth-regulator, the treated pri- 
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mary leaf was removed from each plant 
by severing the base of the petiole with 
a razor blade. One primary leaf was simi- 
larly removed from each of the plants not 
treated with Na(2,4-D). The amount of 
stem curvature was measured with a 
transparent protractor, and all the 
plants were then moved to a well-lighted 
greenhouse bench. Ten days later the 
blades of the trifoliate leaves were re- 
moved from each plant and their fresh 
weight determined. The results are 
shown in table 1. This experiment was 
repeated with similar results. 

In another experiment the tip of one of 
the primary leaves of each plant was cut 
off with a razor blade and the cut end of 
this leaf then placed in a vessel contain- 
ing a 10% sucrose solution. A few hours 
later Na(2,4-D) was applied to the upper 
surface of this leaf in the manner de- 
scribed above. The cut end of the leaf 
was left in the sugar solution for 24 hours 
after the growth-regulator was applied, 
and the leaf was then removed and the 
plants were treated as in the earlier ex- 
periment. This method of application of 
sugar gave results quite similar to those 
obtained by dipping the leaves in the 
sugar solution. 

The relative effects of three different 
sugars were studied in a later experiment. 
The seedlings were obtained and selected 
in the same way as described above and 
were transferred to the darkroom when 
the first trifoliate leaves had begun to ex- 
pand. The plants were divided into four 
groups. Groups 4, 5, and 6 contained two 
subgroups of twenty plants each. Group 
7 contained twenty-four plants. After 22 
hours in the dark the plants were treated 
as described below. 

The tip of one primary leaf of each 
plant in group 4 was removed with a 
razor blade, and the cut end was oriented 
to dip into about 15 ml. of 10% sucrose 
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solution in a Syracuse watch glass. About 
1 hour later, 0.05 ml. of water containing 
100 ugm. of Na(2,4-D) was applied as a 
drop to the upper surface of the leaf in 
the sugar solution on each of the plants 
in subgroup A. The growth-regulator was 
placed on the midrib near the base of the 
leaf. No Na(2,4-D) was placed on the 
leaves of the plants i in subgroup B. The 
ends of the leaves were left in the sugar 
solution until the next day. 


the growth-regulator, the primary leaves 
which had been in the sugar solutions 
(and one of the primary leaves of each 
plant ir group 7) were removed, and the 
stem curvature of each plant was meas- 
ured. The plants were then returned to 
the greenhouse as in the earlier experi- 
ments. Nine days later the blades of the 
trifoliate leaves were removed from each 
plant and weighed. The data appear in 
table 2. 


TABLE 1 


EFFECT OF NA( 


2,4-D) ON STEM CURVATURE AND WEIGHT OF TRIFOLIATE LEAVES OI 


BEAN PLANTS TREATED IN LIGHT AND IN DARK WITH AND WITHOUT 
APPLICATION OF SUCROSE 


Group eae Treatment 
Subgroup 


Ras. ...| In light 
A ; 70 wgm. Na(2,4-D) 
B No Na(2,4-D 


2 In dark with sucrose 
A 70 wgm. Na(2,4-D) 
B No Na(2,4-D) 


3 , F In dark without sucrose 
Na(2,4-D) 


A 70 pgm. |} 
B No Na(2,4-D) 


Mean stem Mean weight of 


No. of eer 

bent curvature trifoliate leaves 
slants 

: ) | zm.) 
° 31.0 | 0.238+0.033* 
4 | : . 
20 ° | 0.480+0.054* 
40 20.4 0.453 +0.037T 
20 ° 0.593+0.048Tt 
° ° 0.467 +0.040 
4 467 4 
20 ° 0.400+0.038t 


* Difference between subgroups 1A and 1B significant at 1% level. 


t Difference between subgroups 2A and 2B significant at 2°% level. 


t Difference between subgroups 2B and 3B significant at 1° level. 


The plants in groups 5 and 6 were 
treated in the same way as those in group 
4 except that 10% fructose or glucose so- 
lutions were used, respectively, in place 
of the sucrose solution. In each group the 
plants in subgroup A were treated with 
Na(2,4-D), but those in subgroup B were 
not. 

The plants in group 7 were left in the 
dark for the same length of time as those 
in the preceding groups, but they were 
not treated with sugar or with the 
growth-regulator. 

Twenty-four hours after application of 


Results and Discussion 

Sodium 2,4-dichlorophenoxyacetate 
was translocated out of the primary 
leaves of destarched bean plants in the 
dark when sugar solutions were applied 
to the leaves. This was evidenced by the 
curvature of the stems and the inhibition 
of growth of the trifoliate leaves of treat- 
ed plants. Stem curvature has been used 
as evidence of translocation of growth- 
regulating substances by several investi- 
gators (1, 2, 5, 8). Inhibition of growth of 
terminal buds and trifoliate leaves has 
also been used as evidence of this process 
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(3) 5) 7). There was no indication in any 
of these experiments that Na(2,4-D) was 
translocated out of destarched leaves in 
the dark unless sugar was applied to the 
leaves. This is in agreement with the 
findings of MITCHELL and Brown (2) 
and a number of other workers. 

If stem curvature and inhibition of the 
growth of the trifoliate leaves are used as 
indexes of the amount of growth-regula- 
tor translocated, the data presented in 
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found that stem curvatures were often not 
statistically correlated with the amount 
of NH,(2,4-D) absorbed and that in- 
hibition of the growth of the trifoliate 
leaves was a better index of the amount 
of the growth-regulator absorbed than 
was the degree of stem curvature. 


Summary 


1. A drop of an aqueous solution of 
sodium 2,4-dichlorophenoxyacetate (con- 


TABLE 2 
EFFECT OF APPLICATION OF DIFFERENT SUGARS ON STEM CURVATURE AND WEIGHT 
OF TRIFOLIATE LEAVES OF BEAN PLANTS TREATED WITH 
NA(2,4-D) IN THE DARK 


Crone 55 Treatment 
Subgroup 
1 Ends of leaves in sucrose 
solution 
\ 100 ugm. Na(2,4-D) 
B No Na(2,4-D) 
Ends of leaves in fructose 
solution 
\ 100 wegm. Na(2,4-D) 
B No Na(2,4-D) 
Kinds of leaves in glucose 
solution 
\ 100 wem. Na(2,4-D) 
B No Na(2,4-D) 


No sugar or Na(2,4-D) ap 


plied 
Ditferences between subgroups 4A and 5A and bet 


table 2 indicate that fructose and glucose 
were more eflfective in promoting the 
translocation of Na(2,4-D) than was su- 
crose. The use of either of these hexoses 
resulted in inhibitions of growth which 
were significantly greater than that pro- 
duced by the use of sucrose. The order of 
the relative effects of the three sugars as 
evidenced by stem curvature was the 
same as that based on leaf inhibition. 
The stem curvatures, however, resulting 
from treatment with the different sugars 
were not significantly different. RICE (5) 


agin. Se Mean stem Mean weight of 
curvature trifoliate leaves 

plants 

gm.) 
> + * 
29 33.0 0.4909 0.004 
26 0.5 0.845 +0.042 
20 490.5 0.199790 030* 
20 0.5 0.895 +0.049 
20 14.0 0.274 +0.047 
20 eg 0.874+0.046 
24 0.0 0.933 0.052 
ween subgroups 4. and 6\ significant at ©“; level. 


taining 70-100 wgm.) was applied to the 
upper surface of one of the primary 
leaves of each of a number of Red Kidney 
bean plants, some of which were kept in 
the light before and after application of 
the growth-regulator and some of which 
were kept in the dark for 24 hours before 
and after treatment. The leaves of some 
of the plants in the dark were dipped in 
sucrose solution several times shortly 
(1-3 hours) before the growth-regulator 
was applied. Sugar was supplied to still 
other plants by placing the cut end of one 








1940] ROHRBAUGH & RICE—TRANSLOCATION OF 2,4-D 390 


of the primary leaves of each plant in a 
vessel containing a 10% sugar solution. 

2. The curvatures of the stems were 
measured 24 hours after application of 
the herbicide, and the treated leaves were 
removed at this time. The plants were 
then placed in the greenhouse for to 
days, at the end of which time the weight 
of the trifoliate leaves from each plant 
was determined. 

3. No evidence was found that Na(2,4- 
I)) was translocated out of destarched 
bean leaves in the dark unless sugar was 


added to the leaves. The application of 
sugar to the leaves of destarched plants 
which were subsequently treated with 
Na(2,4-D) resulted in stem curvature 
and inhibition in growth of the trifoliate 
leaf blades. Such effects were not appar- 
ent when sugar was not applied. 

4. Fructose and glucose were signifi- 
cantly more effective than sucrose in aug- 
menting the translocation of the growth- 
regulator. 

DEPARTMENT OF PLANT SCIENCES 

UNIVERSITY OF OKLAHOMA 
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PRELIMINARY ATTEMPTS IN LARCH EMBRYO CULTURE 


CLARENCE STERLING' 


Introduction 


In describing embryogeny in the Pina- 
ceae, BUCHHOLZ (2) showed that the em- 
bryos of a certain group of genera (Pinus, 
Cedrus, Tsuga) undergo cleavage regu- 
larly. On the other hand, another group 
(Picea, Abies,’ Larix, Pseudotsuga) usual- 
ly has simple polyembryony (without 
cleavage). These generic distinctions 
have been assigned a certain phylogenet- 
ic significance by BucHHOLz, a point 
which was discussed and challenged by 
‘THOMSON (12). THOMSON suggested that 
these ontogenetic differences may not be 
invariable in the embryos but might 
rather reflect differences in nutritional 
conditions in the female gametophyte. 
The present investigation was initiated 
in order to test THOMSON’s suggestion. 


Material and methods 


Ovulate cones of Larix decidua Mill. 
were collected June 10-16, 1948, and the 
ovules removed. The gametophytes were 
dissected out, immersed in 0.1% HgCl, 
solution for 3—5 minutes, and then rinsed 
several times in sterile distilled water. 
Embryo systems were dissected from the 
gametophytes in a sterile solution of 10% 
sucrose and removed to the culture tubes 
with a flamed pipette. 

For culture media, variations of the 
solutions used by Loo and WANG (6) 


' This study was supported in part by a grant 
from the University Research Committee of the 
Graduate School, with funds supplied by the Wis- 
consin Alumni Research Foundation. 


2 There may be a limited percentage of cleavage 
among embryos of Abies balsamea (1, 4). 


go 


were tried. The four basal culture media 
consisted of an aqueous solution of min- 
eral salts, modified after WHITE (10); the 
following vitamins (in mg. per liter): 
nicotinic acid (1.0), B, (0.5), Be (0.25), 
ascorbic acid (20.0), calcium pantothen- 
ate (1.0), and riboflavin (0.3); and su- 
crose in the respective concentrations 
(gm. per liter): 20, 50, 100, and 150. In 
addition, series of cultures were set up in 
which glutamic acid and cysteine hydro- 
chloride (3) (3.0 mg. per liter of each), in- 
doleacetic acid (0.01 mg. per liter), and 
acid-hydrolyzed casein (5) (0.84%, ad- 
justed to approximately pH 5.2 with nor- 
mal NaOH) were added singly and in 
combination to the basal media. Finally, 
two additional culture series combined 
the four basal media with higher concen- 
trations of indoleacetic acid (0.1 and 1.0 
mg. per liter). 

These combinations resulted in forty 
separate culture media, which were made 
up with 1% agar for slanting in test 
tubes. Five tubes, with 10 cc. each, were 
prepared from each medium and steri- 
lized for 20 minutes at 15 pounds pres- 
sure. Two to five embryos were placed in 
each tube and kept at room temperature 
for a period of 2 months. At the conclu- 
sion of the experiment samples were 
taken from each series and prepared as 
whole mounts in glycerine jelly. 


Observations 
The youngest embryos placed in cul- 
ture had fairly long primary suspensor 
cells. Usually the embryonic cells had 
produced two tiers of unelongated em- 
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bryonal tubes. In the largest embryos, 
the embryonal tubes were elongating, 
and there were about eight tiers of cells 
at the apex. 

On trees growing on the campus the 
embryos developed normally, reaching 
full size in a period of about 5~—6 weeks 
after fertilization. After 4 weeks, when 
most embryos in culture had increased 
only slightly in size and had ceased to 
grow, many embryos on the tree were 
generally over 3 mm. long and had al- 
ready produced cotyledons. On the 
whole, relatively few embryos (about 
15% of the total) grew to any extent in 
culture. Hence, the number which grew 
in each medium is too small to correlate 
development directly with the composi- 
tion of the medium. 

Sample embryos raised in culture are 
shown in figures 1~—34. In figure 1 there 
seems to be a normally formed embryo 
with its suspensor. This resemblance, 
however, is superficial, the internal struc- 
ture here consisting of a cordon of elon- 
gated cells surrounded by a mass of ir- 
regularly arranged, isodiametric cells. 
As observed at weekly intervals, this 
embryo grew first as a multicellular 
cylinder of tissue, composed of elongated 
cells. After about 30 days, enlargement 
took place at the tip to produce the wid- 
ened mass of cells shown. Growth had 
ceased at least 2 weeks before the em- 
bryo was removed from culture. 

In figure 12 an embryo with a particu- 
larly large number of cells has been pro- 
duced as a suspensor-like body which has 
curved continually and doubled back on 
itself during growth. Unlike the embryo 
of figure 1, no enlargement has taken 
place at the tip. Similar embryos are seen 
in figures 22 and 27, four embryos like 
that of the latter being produced in the 
same medium. In connection with the 
suspensor-like growths, it is interesting 


that some embryos experienced a limited 
development which seems to have been 
typically embryonic, with a paraboloid 
mass of densely staining cells at the 
end of the suspensor (figs. 10, 21, 24, 
25, 30). 

A particularly noteworthy feature of 
embryonic growth in culture is the fact 
that three cases of cleavage were found 
in the experiment. One occurred at a su- 
crose concentration of 50 gm. per liter in 
the basal medium (figs. 32, 33) and an- 
other in a sugar concentration of 100 gm. 
per liter in the same medium (fig. 3). 
Cleavage here involved the separation of 
the first embryonal tubes at the tip of the 
four primary suspensor cells. In both 
cases growth apparently stopped soon 
after the cleavage. In a different medium 
a third instance of cleavage was found 
(fig. 26), with a larger embryonic group 
attached to the tip of what appears to be 
a primary suspensor cell. 

Other embryos in culture showed one 
of the very common phenomena demon- 
strated throughout the series: cell en- 
largement, formation of large vacuoles, 
and partial separation of previously em- 
bryonic cells (figs. 4-6, 19, 20, 24b-d, 29, 
34). This phenomenon may be related to 
the occurrence of cleavage. 


Discussion 

Since few embryos grew noticeably 
and since (as also noted by Loo and 
WANG) growth ceased early, it is difficult 
to make definite suggestions based on the 
composition of the medium. Future work 
should be concerned with perfection of 
sterilization and inoculation techniques 
and perhaps with a search for some ma- 
terial(s) initially supplied by the gameto- 
phyte (“embryo factor” [7, 8]), which 
may be lacking in the media of Loo and 
WAnc and of the writer. Only in one em- 
bryo (from the medium with o.1 mg. of 
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Fics. 1-28.—Whole mounts of larch embryos grown in vitro. Figs. 1, 2, from culture with basal medium 
and 50 gm. sugar per liter. Figs. 3-6, from basal medium with too gm. sugar per liter; fig. 3 inset shows true 
relative size of embryo at arrow; fig. 6 with some cells loosened in mounting. Figs. 7, 8, from basal mediun 
plus cysteine, glutamic acid, and casein, with 50 gm. sugar per liter. Figs. 9, 10, from basal medium and 
added casein and indoleacetic acid, 50 gm. sugar per liter. Figs. 11, 12, embryos from basal medium with 
glutamic acid, cysteine, and 50 gm. sugar per liter. Figs. 13-15, from basal medium with casein and 20 gn 
sucrose per liter. Figs. 16, 17, embryos from basal medium, casein, and 50 gm. sugar per liter. Figs. 18-20 
from basal medium, glutamic acid, cysteine, indoleacetic acid (0.01 mg. per liter), and 100 gm. sucrose pel 
liter. Fig. 21, from same medium as in figs. 18-20, but with 150 gm. sucrose per liter. Figs. 22-26, from basa 
medium plus casein, cysteine, glutamic acid, and o.o1 mg. per liter of indoleacetic acid; fig. 22 with 50 gm 
sugar per liter; fig. 23 with 20 gm. sugar per liter; fig. 24 a-e with 100 gm. sugar per liter; figs. 25, 26 with 
150 gm. sugar per liter. Fig. 27, from basal medium, o.1 mg. of indoleacetic acid per liter, and 20 gm. sucrose 
per liter. Fig. 28, as in fig. 27, but with 50 gm. sugar per liter. Fig. 3 150. All other figures X 30. 
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indoleacetic acid per liter and 50 gm. su- The main feature of this investigation 
crose per liter) did growth continue be- _ is its demonstration that cleavage can be 
yond the 2-month period of culture. In — induced in the larch. In intensive studies 
this instance growth was uniform on all of the larch embryo in vivo (2, 9), cleav- 
surfaces, as is characteristic of callus tis- age has not been observed. Consequent- 
sues. The anomalous growth of the em- ly, it appears significant that such cleav 
bryos may be related to the physical as age can occur in certain synthetic media. 
well as to the chemical composition of the The induction of cleavage in larch and 
different media. the variable occurrence of cleavage nor- 
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Fics. 29-34.—Photomicrographs of larch embryos grown in vitro. Fig. 29, embryo from basal mediun 


ind o.1 mg. indoleacetic acid per liter plus 100 gm. sugar per liter. X55. Fig. 30, embryo showing almost 
same structure as normal embryo, from medium with casein, 0.01 mg. indoleacetic acid per liter, and 50 gm. 


Sugar per liter. X 108. Fig. 31, embryo from medium with glutamic acid, cysteine, casein, and 50 gm. sugar 
per liter. 143. Fig. 32, embryo at tip of suspensor in basal medium with 50 gm. sugar per liter. X 260. Fig. 
33, from same system as in fig. 32, showing another embryonic unit (single cell at tip of suspensor). X55. 
Fig. 34, embryo from basal medium with o.1 mg. indoleacetic acid per liter and 20 gm. sugar per liter. Ar- 


rows point to cells dislodged in mounting. X 21. 
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mally in Abies and Taxus (11) appear to 
confirm ‘THOMSON’s (12) suggestion that 
cleavage is less an invariable characteris- 
tic of the embryo than a function of nu- 
tritional control. 

It must be indicated, however, that 
the normal nutrition of the embryo like- 
wise has evolved with the species. Al- 
though these pinaceous embryos may 
have a latent potentiality for cleavage, 
each species has provided a certain mate- 
rial composition of the gametophyte 
which evokes a characteristic response in 
the embryo. Nevertheless, THOMSON’s 
point remains valid: the intrinsic behav- 
ior of the embryo, presumably being sus- 
ceptible to environmental alteration, 
perhaps may not be assigned the definite 
phylogenetic significance proposed by 
BUCHHOLZ. 


Summary 


Embryos of Larix decidua were placed 
on synthetic culture media at the stage at 
which the primary suspensors (and occa- 
sionally also the first embryonal tubes) 
were elongating. Usually several addi- 
tional cells, destined to form embryonal 
tubes, were also present behind the apical 
embryonic tier. After 2 months, growth 
in the forty different media was limited 
in comparison with that in natural con- 
ditions. Not all embryos grew uniformly, 
and the type of growth was anomalous. 
In several cases cleavage of the first em- 
bryonal tubes occurred at the tips of the 
primary suspensors. The significance of 
this “abnormal” cleavage in the larch 
embryo is discussed. 
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